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ABSTRACT
Field experiments were conducted with sweet potatoes or- a Provi­
dence silt loam soil with a low native calcium content in order to study 
the effects of different calcium salts applications on the yield, per­
cent dry matter, firmness of the canned roots, and concentrations of 
calcium, manganese, magnesium, potassium, and phosphorus in the leaves 
and fleshy roots, and on the soil reaction, extractable soil calcium, 
manganese, magnesium, and potassium.
The calcium treatments did not significantly affect the yield, 
percent dry matter, firmness of the canned roots, or the concentration 
of leaf calcium, magnesium, potassium, or phosphorus.
The manganese concentration in the leaves and fleshy roots was 
increased by calcium chloride and decreased by calcium carbonate appli­
cations. Calcium chloride tended to increase the potassium concentra­
tion in the roots while calcium carbonate had a similar effect on the 
phosphorus concentration.
The calcium carbonate applications increased soil pH linearly, 
while the other calcium salts had no effect on pH. The gypsum and cal­
cium carbonate-treated plots yielded more extractable calcium than 
comparable plots for calcium chloride. Extractable manganese was re­
duced by the calcium carbonate treatment but was somewhat enhanced by 
calcium chloride. Extractable magnesium tended to be higher in the 
plots that received calcium carbonate, while extractable potassium was 
usually higher in the calcium chloride-treated plots.
ix
Total yield was positively related to the calcium concentration 
in the roots and negatively related to extractable magnesium and potas­
sium. However, yield was not associated with soil pH or with extrac­
table calcium.
Percent dry matter was negatively related to the concentrations 
of calcium, manganese, magnesium, potassium, and phosphorus in the 
fleshy roots, and positively related to the firmness of the canned 
roots.
Firmness of the canned roots was not associated with soil pH or 
with the concentration of calcium, manganese, or magnesium in the roots,
There was a relationship between the calcium concentrations in 
the leaves and in the roots. Root calcium was also related to root po­
tassium, extractable soil calcium, and extractable manganese. Extrac­
table calcium showed a positive relationship with soil pH.
Apparently, the original amount of calcium in the soil in the
field experiment was sufficient to fulfill the calcium requirements of 
the plants.
A greenhouse experiment with two soils and four levels of calcium
acetate application showed that plants growing on Stough very fine sandy
loam (very low in extractable calcium) gave a more definite response to 
calcium than those on Providence silt loam soil (higher in calcium).
Calcium applications increased the weight of the tops, the yield 
of fleshy roots, calcium accumulation in the tops and fleshy roots, and 
extractable soil calcium. Plants from the control plots of the Stough 
soil reflected the very low calcium content of the soil and showed pro­
nounced deficiency symptoms.
Calcium applications tended to decrease the concentrations of 
manganese and potassium in the plant but did not affect the concentra­
tion of magnesium or phosphorus. They increased extractable soil cal­
cium and soil pH but reduced extractable manganese.
There was a close relationship between extractable soil calcium 
and the weight of the tops, calcium accumulation in the tops, and soil 
pH. A lesser relationship was found between soil calcium and root cal­
cium, but the former was not related to weight of the roots. Calcium 
in the tops showed a high negative relationship with potassium in the 
tops and a lesser association with magnesium, phosphorus, and manganese.
Of the elements studied in the field and greenhouse experiments, 
potassium was the highest in the leaves followed in descending order 
by calcium, magnesium, phosphorus, and manganese. In the fleshy roots, 




Growing sweet potatoes in rotation with crops that required 
liming of the soil, thus increasing the soil pH, has resulted in a 
high incidence of soil rot infection (9j 40). Consequently, it is 
desirable to grow sweet potatoes in soils that are acid or moderately 
acid when there is a danger of their becoming infected with soil rot 
(40). However, acid soils are commonly low in available calcium. The. 
unlimed moderately acid Mississippi River Terrace and Loessial Hill 
soils commonly used for sweet potato production in Louisiana are low 
in native calcium supply (6). At the same time, the present trend in 
fertilizer production is to use higjh analysis formulas from nutrient 
carriers that are more concentrated and have less impurities. As a 
result, some of the high fertilizer grades contain less or even negli­
gible amounts of calcium and sulfur that were considered as valuable 
impurities in the low fertilizer grades. Intensive cropping and higher 
yields may tend to remove large amounts of these elements, resulting in 
a depletion of their supply in the soil. Under such conditions, calcium 
may become a limiting factor in obtaining optimum crop yields.
More information is needed concerning the calcium requirements of 
the sweet potato plant growing on unlimed Mississippi River Terrace and 
Loessial Hill soils. At the same time, because of the critical relation­
ship between soil pH and the incidence of soil rot infection of the 
storage roots, sources of calcium that could supply the element without 
altering the soil pH needs to be investigated.
A Providence silt loam soil with a low native calcium content 
was used in a field experiment, using fertilizers and cultural practices 
similar to those employed by the sweet potato growers in Louisiana.
Four different sources of calcium applied at several rates were tested 
for a period of two years. The influence of the different calcium 
salts on the yield, percent dry matter, firmness of the canned roots, 
and the concentrations of calcium, manganese, magnesium, potassium, and 
phosphorus in the leaves and fleshy roots was studied. The effect of 
the calcium treatments on the soil pH and the levels of extractable cal­
cium, manganese, magnesium, and potassium was also investigated in this 
experiment.
After the field experiments were terminated, a greenhouse experi­
ment was conducted for the purpose of studying the sweet potato plant 
growing under more limited calcium supply conditions than in the field 
experiment.
A Stough very fine sandy loam soil that was very acid and low in 
several mineral nutrients including calcium and a Providence silt loam 
soil similar to the one used in the field experiment were chosen for 
comparisons. Four rates of calcium acetate were applied to the soils, 
and the plant tissue and the soils were sampled twice. The same chemi­
cal analyses were conducted with the tops and fleshy roots and with the 
soils as that in the field experiment.
The results of the greenhouse experiment provided a more basic 
understanding of the calcium requirement of the sweet potato plant than 
was accomplished in the field experiment.
REVIEW OF LITERATURE
There are several metabolic functions in higher plants attrib­
uted to calcium. According to some authors (1!5, 26, 45, 49), calcium 
is a constituent of the middle lamella of cell walls in the form of 
calcium pectate. It has been noted that calcium in small amounts is 
necessary for normal mitosis, and this element also plays a role in 
maintaining organization in the protoplasm of the cell. Calcium is 
an essential part of the alpha-amylase enzyme, and it is related to 
protein synthesis by its enhancement of the uptake of nitrate nitrogen. 
Calcium seems to act as protector from other ions which in the absence 
of calcium may accumulate in concentrations toxic to the plant. This 
protective action is achieved by influencing the permeability of plant 
cell membranes. Calcium is essential for the germination of pollen 
and normal elongation of the pollen tube. Calcium and magnesium also 
act as binding agents between the protein and ribonucleic acid strands 
within the ribosomes. Finally, calcium is absorbed by plants as the 
divalent cation (Ca++), and it is relatively immobile, being present 
in higher concentrations in older than in younger leaves.
Calcium Deficiency Symptoms
A deficiency of calcium as described by some authors (11, 26,
47) manifests itself in the failure of the terminal buds of plants and 
the tips of the roots to develop. Roots are usually affected before
the tops, and young leaves are affected before older leaves. The 
deficient leaves are often distorted and small in size with the margins 
irregular in form frequently showing curling in the apical leaves and 
ultimately leading to necrosis and the cessation of growth. Also, die- 
back of the terminal buds may occur. Another defect commonly associ­
ated with a deficiency of calcium is a decrease in fruit production 
and seed formation.
Some physiological diseases of certain crops have been associated 
with a low calcium supply. Several researchers concluded that blossom- 
end rot of tomatoes is associated with low calcium concentrations in 
the fruit and that by adding calcium salts to the soil or other grow­
ing medium or by spraying calcium salts on the plants the disorder can 
be prevented (18, 19, 41). Vlamis (58) found that a rosette-like 
symptom that appeared in lettuce and a tip failure in barley could be 
eliminated by treatment with gypsum. Other sulfate salts had no bene­
ficial effects. Additions of Ca-amberlites also produced healthy plants. 
He concluded that the disease symptoms were due to low levels of avail­
able calcium in the soil.
Calcium Requirements of Higher Plants
There are great differences in the calcium levels of different 
plants. The highest calcium levels on a dry weight basis are commonly 
found in the foliage of many dicotyledonous plants vriiile the grasses 
and cereals generally contain lower concentrations of calcium (11). In 
general, the roots of the plant have less calcium than the top, and the 
older leaves are higher in this element than the younger leaves (11).
Some plants prefer calcareous soils (calcicole or calciphile 
plants) while others do better when growing in acid soils (calcifuges 
or calciphobes) (2) . Not much is known about the relative calcium re­
quirements in the tissues of calcicole and calcifuge species. Under 
natural conditions the calcium content is higher in calcicole plants 
grown in calcareous soils and lower in calcifuges grown in acid soils 
(13). However, when both types of plants are grown in the same soil 
the analysis of the tissue shows that there is no significant differ­
ence in the calcium content between the plants (13).
An internal concentration of 5000 ppm of calcium in the dry 
tissue has been considered adequate for a wide range of higher plants 
(11, 49). However, some authors (59, 60) recently suggested that the 
calcium requirement of many higher plants has been overestimated. In 
the conduction of their experiments, they grew corn and tobacco suc­
cessfully in nutrient solutions at calcium levels lower than 1/50 of 
that of Hoagland solutions (0.004 or 0.005 M Calcium) . Wallace et al. 
(59) reported that they were able to grow plants at very low levels 
of calcium by reducing the levels of certain other cations such as 
copper, iron, manganese, zinc and magnesium. Also, they obtained evi­
dence that magnesium was required in lower quantities than previously 
accepted if the other cations were held at lower levels too. In another 
study, Wallace (60) found that the most satisfactory growth was obtained 
when the calcium content of the tops of bush beans was 210 ppm (dry 
weight) and the roots contained 350 ppm of calcium. The micronutrients 
and magnesium were kept at low level. These results corroborate the 
results obtained in the previous experiments (59). They concluded
that plants do not require all of the calcium they ordinarily contain 
and that beyond ameliorating toxlcities of other ions the role of cal­
cium in higher plants is the same or nearly that of a micronutrient 
(59, 60).
However, Bradshaw (4) found that a strain of Agrostis tenuis 
was well adapted to a soil that contained 1 percent lead and 0.03 per­
cent zinc, but at the same time was low in calcium and phosphate. When 
these plants were planted in a garden soil, they did not grow well. The 
physiological basis for the tolerance of some plants to high concentra­
tions of some elements ordinarily considered as toxic is still unex­
plained (2) .
Calcium Deficiencies in the Soil
One of the secondary effects of high acidity or low pH iti a soil 
is the shortage of available calcium (48). Others are deficiencies of 
phosphorus and molybdenum and an excess of soluble aluminum, manganese, 
and perhaps other metallic ions (48).
Crops differ in their susceptibility to the consequences of 
higher soil acidity. Some plants can tolerate highly acid soils and 
high concentrations of soluble toxic elements better than others (1,
56) . Examples of plants that are very tolerant to acid soil conditions 
are: blueberry, cranberry, peanut, potatoes, and watermelon (1, 56).
Other plants, such as alfalfa, lettuce, onion, spinach and beets, are 
considered to be very sensitive to soil acidity (1).
Low supplies of calcium in soils are commonly associated with 
high soil acidity, but that is not always the case (1, 47, 48). There 
are soil conditions brought by such cultural practices, such as re­
peated applications of NaNO^ for a period of years or the use of irri­
gation water high in sodium, that may result in alkaline soil in vrtiich 
sodium rather than calcium neutralizes the acidity (1, 48) . Under 
such conditions, the typical dying-back and restriction of growth of 
the roots occurs just as it does in acid soils (1, 48). However, in 
general, a low calcium content will be found in soils that are acid, 
and these acid soils contain more soluble iron, aluminum and manganese 
than soils that are no* acid in reaction (48). For that reason, it 
is very difficult to determine whether the abnormalities observed in 
a plant growing on an acid soil are the result of excessive acidity or 
a deficiency of calcium or some other essential element or a toxicity 
effect of some other highly-soluble cation. Thus, calcium has a func­
tion as a fertilizer in cases of actual deficiency of this element, 
and it also has a function as a soil amendment.
Effects of Calcium Applications to the 
Soil for Sweet Potatoes
The sweet potato is considered a plant that grows well on acid 
soils (1, 48). Steinbauer and Beattie (54) studied the effects of hy­
drated lime and calcium chloride applied annually to a soil with an 
original pH of 4.6-5.0. After five years of study, they concluded 
that sweet potatoes are not very exacting with respect to soil acidity
but apparently do best in a slightly to moderately acid soil and that 
yields may be decreased when the soil becomes neutral or alkaline in 
reaction. Hartman and Gaylord (24) pointed out that probably much of 
the differences in the results by other authors studying the effects 
of soil pH in sweet potatoes is due to variations in the amounts of 
soil rot present in the soil. More recently, Cannon (9) concluded 
that the incidence of soil rot infection was significantly higher in 
limed plots of Olivier silt loam soil which tended to mask the effects 
of soil pH on yield.
Edmond and Sefick (17) grew sweet potato plants in nutrient solu­
tions deficient in some of the essential elements. The growth of the 
minus-calcium solution was only 64 percent as compared with plants that 
received the complete solution. They recorded visual deficiency symp­
toms of calcium.
A study of methods of fertilizer application was conducted by 
Tiedjens and Schermer horn (55). Lime was included by itself or with 
superphosphate in some of the treatments. Their results showed no sig­
nificant increase in yield due to applications of lime.
Leonard et al. (38) conducted extensive experiments with sweet
potatoes in sand culture. The calcium levels, in the form of CaC^,
were 10, 100, 250 and 1000 ppm. Their results showed that the yield
of storage roots and the chemical composition of the storage roots and 
vines were influenced by variations in the calcium level. The yield of 
storage roots and the percentage of calcium in the vines Increased con­
siderably from the 10 to the 250 ppm calcium treatment. They also
reported that the storage roots produced with 10 ppm of calcium were 
soft, very small in size and crooked while the roots produced with all 
of the higher concentrations of calcium were smooth, larger in size and 
had a regular shape. Calcium and potassium increased, and nitrogen, 
phosphorus and magnesium decreased in the storage roots as the concen­
tration of calcium was increased in the nutrient solution. Vine growth 
was influenced less by variation in the calcium supply than was storage 
root production.
Leonard et al. (39) did not obtain any significant differences 
in yield or leaf calcium uptake from calcium treatments used in a field 
experiment. Calcium was applied as CaO at three different levels.
Landrau and Samuels (36) investigated the effect of certain fer­
tilizers and minor elements applied to four soils ranging in pH from 
4.5 to 7.6. The calcium sources were calcium carbonate and gypsum.
The authors reported that the use of lime increased yields significantly 
in the acid soils (pH lower than 6.0), and the use of gypsum was effec­
tive in increasing yields even on a sandy clay at a pH of 6.4. Also, 
they observed that the carotene content of sweet potatoes was increased 
in the cases where yield was increased by liming.
Scott and Ogle (50) compared the chemical composition of the 
roots and vines of sweet potatoes. They found that at harvest time 4/5 
of the calcium was found in the vines, while magnesium was present at 
about one-half the amount of calcium. About half of the total uptake 
of nitrogen, potassium and magnesium was present in the roots. If con­
sidered in elemental form, the uptake of calcium would exceed that of 
phosphorus.
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Lambeth (34) conducted several experiments with certain vege­
table crops on a LLntonia fine sandy loam soil at different levels of 
base saturation. The yield of sweet potatoes was increased when the 
level of exchangeable calcium in the soil was increased. The results 
showed that the best sweet potato yields were obtained where the soil 
was limed to saturate the exchange complex with calcium to approxi­
mately 80 percent and the exchangeable potassium was increased to the 
5 percent level. He pointed out that the application of lime without 
the simultaneous application of potassium on this soil reduced the 
yields significantly because of a high calcium-low potash balance. 
Lambeth (34) suggested that when considering the complete results for 
all of the crops tested, the following saturations of the exchange com­
plex would be suitable for low exchange capacity soils vrtiere a great 
variety of vegetables are grown:
Calcium 65-75% Magnesium 4-6% Potassium 5% Hydrogen 15-20%
Iwai and Ikegaya (28), in similar studies with a soil at dif­
ferent degrees of calcium and potassium saturation, reported that po­
tassium was effective for yield increases of sweet potatoes but calcium 
was not. Increasing the calcium saturation of the soil produced an in­
crease in the percentage of calcium, nitrogen and phosphorus in the 
plants but decreased that of potassium. The decrease in potassium con­
tent occurred only at low levels of potassium saturation, tfiile at 
higher levels of potassium no effect of calcium on potassium was ob­
served.
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In an attempt to show the symptoms of mineral deficiencies of 
sweet potatoes grown in nutrient solutions, Clbes and Samuels (12) 
reported that a minus-calcium treatment failed to show any visual de­
ficiency symptoms. Furthermore, the leaf calcium content was not the 
lowest in the minus-calcium treatment. The authors did not explain 
further the results obtained with calcium.
Greig and Smith (20) studied the detrimental effects of excesses 
of cations in the sweet potatoes by using different nutrient solutions. 
They found that in the case of calcium accumulation of this cation 
over 211.6 me/100 g significantly reduced the dry weight of the plants 
and caused death of the older leaves. However, when a mixture of cal­
cium, magnesium, potassium and sodium was tested, it produced an in­
crease in the uptake of sodium and magnesium, but the uptake of calcium 
and potassium remained fairly constant. The same authors (21) in a 
different greenhouse study but using a Sarpy fine sandy loam soil in­
stead of nutrient solution, added the cation treatments by using vari­
ous amounts of cation-saturated synthetic resin. They reported that 
additions of calcium and magnesium did not have any effect on the 
weight of the plant material, but they did stimulate fleshy root forma­
tion. Although calcium did not increase the growth of the vines, its 
uptake increased with increasing increments of calcium in the growing 
medium. These results obtained by Greig and Smith (21) are similar to 
those obtained by Leonard and Anderson (38) previously described. Fi­
nally, the carotene content of the roots was reduced by additions of
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sodium and Increased by applications of potassium. Additions of cal­
cium and magnesium had no significant effect on the carotene content of 
the roots.
A field experiment was conducted by Jackson and Thomas (29) in 
which 4 rates of potassium chloride and 3 rates of dolomitic limestone 
were used. Their results show that the lime rate had no significant 
effect on the potassium content of the plants but increasing the rate 
of potassium decreased both the calcium and the magnesium contents.
At the highest potassium level, magnesium was reduced by more than 
half, and calcium was decreased to a third. They also found that the 
calcium content was decreased by liming at the zero potassium appli­
cation rate. The authors (29) pointed out that these results were 
probably due to the increased supply of magnesium from the dolomitic 
limestone which competed with calcium for absorption. The sum of the 
cations present in the plants remained relatively constant with only 
16 percent in maximum differences in total cation content.
In order to determine the effects of salinity of the growing 
medium on sweet potato growth, Greig and Smith (22) conducted an experi 
ment with soil and sand cultures. Excesses of cations were applied to 
both growth media. They concluded that sweet potato vine growth was 
primarily related to the osmotic concentration of the nutrient or soil 
solution, regardless of cation composition. Osmotic concentrations of 
1.70 atmospheres or greater significantly reduced the weight of vines 
and fleshy roots produced. Hoagland (27) considered that approximately 
0.6 of an atmosphere was the optimum concentration for a nutrient solu­
tion.
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Camargo et al. (7) observed that liming alone did not increase 
the yield of sweet potatoes in a soil experiment, but when manure was 
combined with lime, they noted a significant response to the manure 
treatments. Lime enhanced the response to N-P-K treatments in some 
cases but depressed them considerably in others.
Bolle Jones and Ismunadji (3) conducted experiments with sweet 
potatoes grown in sand cultures deficient in several essential elements 
one at a time. They obtained visual calcium deficiency symptoms in 
the minus-calcium treatment. They suggested that under similar condi­
tions deficiency symptoms of calcium may occur when the concentration 
of this element in the leaf blade (dry weight) falls to 0.2 of 1 per­
cent. The same authors (3) also recorded the number of flowers pro­
duced by the plants grown under the deficient nutrient conditions.
The plants supplied with "complete" or sulfur-deficient nutrients did 
not produce any flowers. The plants in the other treatments produced 
(per four plants) the following number of flowers:
-N, 3: -P, 1; -Mg, 87; -K, 6; -Ca, 65; -Mn, 11.
It is interesting to note that the -Mg and -Ca nutrient solutions 
plants produced the greatest number of flowers.
Calcium nutrition has been studied in relation to its effect 
upon resistance of the sweet potato jblant to Fusarium wilt infection 
(46). The authors concluded that calcium per se did not have any influ­
ence on the degree of resistance to Fusarium wilt. The experimental 
results were confounded when additional calcium applied to the growing 
medium combined with foliar sprays of calcium chloride burned and stunted 
the plant, increasing its susceptibility to the disease organism.
A complete description of symptoms of calcium deficiency of 
sweet potatoes growing In sand culture was given by Spence and Ahmad 
(53). They observed that calcium deficiency symptoms were the last to 
appear. They arrived at the same conclusion as other authors (3) about 
the level of calcium in the plant being 0.2 percent in calcium-deficient 
plants. Also, they reported that there was no storage root formation 
in the calcium, magnesium and potassium-deficient plants. These results 
illustrate the effect of calcium in storage root formation in the sweet 
potato, which corroborates those obtained by other authors (21,38).
Mishra and Kelley (43) reported that different levels of manganese 
supply had no effect on the calcium, potassium or magnesium uptake by the 
roots, blades or petioles of sweet potatoes grown in nutrient solutions.
Martin et al. (40) reported high amounts of soil rot infection in 
sweet potato roots from limed plots of Mississippi River Terrace soil 
and beneficial effects of sulfur treatment in lowering the soil pH to 
control soil rot. Cannon (9) found that limed plots of Olivier silt 
loam soil produced the lowest grade and yield of storage roots due to 
the high incidence of soil rot infection. The original pH of this soil 
was about 5.2. He reported a significant correlation between the amounts 
of extractable calcium in the soil and the percentage of calcium in the 
leaves (dry weight).
Visual Symptoms of Calcium Deficiency in the Sweet Potato
Leaves: Small chlorotic patches appear scattered over the leaf
surface, these patches later becoming necrotic (53) . Leaves leathery to
the touch and very little pigmentation on the petioles (53). In- 
terveinal black spots which become surrounded by yellowish zones and 
later develop irregular necrotic patches (3). Areas within the margin 
become red, and later on the veins and mesophyll turn brown (17).
Plants develop axillary buds (17, 53). Young leaves become yellow (53).
Stem: color gradually changes from purple to light red (17).
MATERIALS AND METHODS
This study consisted of two field experiments and one greenhouse 
experiment. They were conducted during the period of 1969-19711.
Field Experiments
Rose Centennial sweet potatoes were grown on a Providence silt 
loam soil at Idlewild Experiment Station, Clinton, Louisiana.
The Providence series (52) is a member of the fine-silty, mixed 
thermic family of Typic Fragiudalfs. Typically, they have gray silt 
loam A horizons, strong brown silty clay loam Bt horizons, and yellow, 
gray and red compact, brittle loam fragipans.
Chemical analyses values (5) of a composite soil sample of the 
experimental area before applying the calcium treatments or fertilizer:
Extractable nutrients, ppm £H 0.M.% C.E•C •
Depth P Ca Mg K Meq./100g
0-6" 10 240 117 55 5.1 0.80 14.6
0-12" 5 240 194 45 5.0 0.42 12.0
The field experiments had a total of 75 plots. Each plot consis­
ted of three rows forty feet long and four feet wide. The plant spacing 
was 12 inches. The fifteen treatments tested were replicated five times 
and arranged in a randomized-block design. The treatments were applied 













8 250 Calcium carbonate
9 500 Calcium carbonate
10 1000 Calcium carbonate
11 125 Calcium chloride
12 250 Calcium chloride
13 500 Calcium chloride
14 126 Ordinary Superphosphate
15 40 Triple Superphosphate
All of the plots received the same fertilization rate of 30-90-60 
lbs of N-PgOg-KgO per acre. The sources of nitrogen for treatments 1 
through 13 were monoammonium phosphate and ammonium nitrate, and for 
treatments 14 and 15 the only source was ammonium nitrate. The source 
of phosphorus for treatments 1 through 13 was monoammonium phosphate. 
Phosphorus was supplied in treatment 14 by ordinary superphosphate and 
in treatment 15 by triple superphosphate. All treatments received muri­
ate of potash as the source of potassium, with the only exception of 
treatment 7 which received the same amount of potassium but in the form 
of K^SO^. Potassium sulfate was used in this treatment in order to dif­
ferentiate between the effects of sulfur and calcium in the event of a 
significant response by one of the treatments that contained both ele­
ments. The ordinary and triple superphosphate treatments were included 
in order to determine whether they carry enough calcium to satisfy the
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requirements of the sweet potato plant for growing a normal crop if 
applied at the rate recommended for sweet potatoes grown on Missis­
sippi River Terrace soils in Louisiana.
Leaf Sampling
The leaves were sampled twice during the growing season, in 
August and October. Leaves T-10 and T-17 are the leaves number 10 and 
17, respectively, counting from the terminal of vine. Leaves T-10 and 
T-17 were sampled at two months after transplanting time. The second 
sampling was done just before harvest. Only leaf T-10 was sampled on 
this date. Every other hill in the center row was sampled, making a 
composite sample of 20 leaves per plot. The leaves were washed in tap 
water and rinsed with distilled water. After air drying for a few 
minutes, the leaves were dried in a forced-air oven at 65-70°C for 24 
hours. The oven-dried leaves were ground in a stainless steel Wiley 
Mill Intermediate Model fine enough to pass a 40-mesh screen.
Root Sampling
The storage roots, harvested from the center row of each plot, 
were harvested at four and a half months after transplanting time. The 
weight of the roots graded as number one, number two and culls were re­
corded separately on a plot basis. Twenty representative roots per 
plot were selected for dry matter determination and chemical analysis.
The rest of the roots were used for canning.
The sweet potatoes for canning were washed with tap water and then 
peeled with a 10 percent NaOH solution for about 7 minutes at 212°F.
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After being washed and trimmed, the whole peeled potatoes were placed 
Into Continental Can Company Number 303 enameled tin cans. Eight cans 
were used for each plot. Hie cans were then filled with a hot 30 per­
cent sucrose solution and passed through an exhaust tunnel dt a temper­
ature of 180 to 205°F. The sealed cans were placed in a retort for 35 
minutes at 240°F and then cooled with running tap water. Hie cans were 
stored subsequently at room temperature.
Firmness of the canned product was determined after an eight- 
month storage period. The degree of firmness of the canned roots was 
determined by use of an Allo-Kramer shear press Model SP 12.
The firmness values given are an average of four determinations 
per plot. The twenty roots selected for chemical analysis were first 
washed thoroughly with tap water, rinsed with distilled water and then 
ground and mixed homogeneously. From the fresh ground material, sub­
samples were taken for the dry matter determinations and for the corre­
sponding chemical analyses to be described below. The root tissue used 
for chemical analyses was dried and ground as described previously for 
the leaf samples.
Soil Sampling
The soil was sampled before applying the experimental treatments 
in May and again just before harvest time in October. Six cores were 
taken from the topsoll (0-8") of the drill of the center row of each 
plot and mixed to make a composite sample. The samples collected were 
air-dried, ground with a mortar and pestle and passed through a 20-mesh 
stainless steel sieve. These soil samples were used for chemical analy 
ses.
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Another series of soil samples were taken every week during the 
entire growing season. Representative samples of soil from each block 
were taken and combined into one composite sample per block. Evapora­
tion of soil moisture from the samples was prevented by placing them 
into a Mason glass jar fitted with tight-sealing lids. The core sam­
ples were taken at 0-6" and 6-12" depths. These samples were used 
only to determine the moisture content of the soil. Enough irrigation 
water was applied to keep the moisture content of the soil at or near 
optimum levels for sweet potato production (25).
Chemical Analyses
Chemical analyses of soil and plant tissue samples of the field 
and greenhouse experiments were done in duplicate.
Soils
The soil pH was determined on a 1:1 soil/water mixture as recom­
mended by Brupbacher et al. (5). The pH meter used was a Corning Model 
10.
For the determination of the concentrations of calcium, magnesium, 
potassium and manganese, a 5-gram sample of soil was extracted with 50 
ml of a IN ammonium acetate solution buffered with a pH of 4.8 (31).
The extracted cations Ca, Mg and Mn were determined on a Perkin - Elmer 
Model 303 atomic absorption spectrophotometer. Potassium was determined 




A one-gram portion of oven-dried tissue sample was placed into 
a Gooch crucible and ashed in a muffle furnace Model No.25 for five 
hours at 550°C. The ashes were dissolved with 10 ml of 50% HC1 solu­
tion and heated to almost boiling on a hot plate. After cooling, the 
solution was filtered through Whatman #2 filter paper into a 100 ml 
volumetric flask. The filter paper was washed with hot water several 
times, and the filtered solution was made up to final volume. The 
cations Ca, Mg, Mn and K were determined as previously described for 
soil analyses. Phosphorus was determined by the Vanadate method as 
described by Chapman and Pratt (10).
Greenhouse Experiment
Soils
Two soils were used in the greenhouse experiment: a Stough
very fine sandy loam and a Providence silt loam.
A general description of the Stough series (52) depicts it as a 
member of a coarse-loamy siliceous, thermic family of Aquic Fragiu- 
dults. These soils have moderately coarse to medium-textured, light 
colored surface horizons, with upper subsoils of similar texture and 
a compact lower subsoil (fragipan).
The Providence series were previously described in the Field 
Experiments section of this dissertation.
The following are the results of chemical analyses of the soils 
used in the greenhouse experiment before the amendment or fertilizer 
was applied.
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Soil Extractable nutrients, ppm O.M.% pH C.E.C.
meq. /100g
Ca Mfi K P
Stough v f„s 1 32 7 20 10 2.60 4.3 7.9
Providence sil 184 62 50 10 2.81 4.9 18.0
The bulk soil samples were collected from the top 8 inches, air- 
dried and thoroughly mixed after having been sieved through a 1/4 inch 
mesh screen.
Treatments
A factorial experiment was set up with the two soils described 
above and four levels of calcium application. .The source of calcium 
was calcium acetate, 03(02^0^) . HgO. The levels of calcium were:
1. 0 ppm of Ca++
2. 100 ppm of Ca++
3. 200 ppm of Ca++
4. 400 ppm of Ca-H-
Procedure
A six kilogram portion of soil was mixed with the appropriate 
amount of calcium acetate. The soil mixture was placed inside a 12- 
inch plastic pot that contained a 1/2-inch layer of cleaned gravel at 
the bottom. The pots had several perforations at the bottom to allow 
drainage of any excess of water. The pots were then placed into shal­
low; plastic saucers that would collect any excess of drainage solution 
and would avoid permanent losses of nutrients by leaching. A nutrient 
solution that contained an equivalent rate of 100 lbs of ^2^5’ ^  
lbs of K2O and 50 lbs of Mg per acre was applied to each pot. No
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nitrogen was applied to any of the pots In view of the high organic 
matter content of both of these soils. The soil In the pots was kept 
moist with distilled water until the slips were transplanted ten days 
later. Three slips were transplanted into each pot, and two similarly- 
treated pots were considered as a plot. The 32 plots were arranged in 
a randomized block design on the greenhouse benches. In this way, each 
treatment was replicated four times. The plants were watered periodi­
cally as considered necessary for good growth with distilled water.
The water was added to the surface of the soil or to the drainage dish. 
In this way, the water added to the drainage dish would dissolve any 
nutrients that were leached out of the pot. As the soil dried out, the 
water and nutrients would be absorbed and recirculated into the soil 
again.
At forty days after transplanting time, the vines were cut above 
the second axillary bud from the soil level (approximately two inches). 
The six vines that comprised each plot were combined into one sample, 
washed with tap water, rinsed with distilled water and oven-dried at 
65-70°C for 24 hours before dry weights were recorded. The whole sample 
was ground, mixed, and ashed, and the concentrations of the elements 
were determined as previously described.
A small core of soil from the center of each pot was taken and 
combined with that from the other pot representing a treatment for 
soil analyses. After the initial harvest of the tops, nutrients were 
applied at a rate of 30 lbs of nitrogen, 50 lbs of ?2®5 an(* ^
KgO per acre. Only one of the remaining axillary buds was allowed to
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grow until the final harvest eighty-seven days later. On this date, 
the tops were harvested and processed in the same manner as the first 
time. The fleshy roots were harvested, and fresh weights were recorded 
before oven-drying them. Dry weight and percent dry matter were deter­
mined before grinding and ashing the storage roots for the chemical 
analyses listed below.
Chemical Analyses
The concentrations of phosphorus, calcium, magnesium, potassium 
and manganese were determined for the vine and root tissue as described 
for the field experiment samples. The soils comprising each plot (2 
pots) were mixed and sieved individually. A representative sample from 
each plot was used for the chemical analyses as previously described.
EXPERIMENTAL RESULTS
Field Experiment
The amonnt of rainfall received by the soil at the experimental 
site during the 1969 and 1970 seasons is presented in Table I. During 
the 1970 growing season, the soil received about 3.36 inches more of 
rain than during the 1969 season. Also, the rainfall during the 1970 
period was more uniformly distributed throughout the entire season.
Tables II and III show the moisture status of the soil at the 
experimental site. These values were determined approximately each week 
for each block at 0-6 and 6-12 inches of soil depth, and are expressed 
as percent moisture. The results point out the differences between 
blocks that existed in the water-holding capacity of the soil. It can 
be seen that values obtained for available moisture increased almost 
linearly, from a lower value in the first block to a higher value in 
the fifth block. The moisture content averages, for each of the seasons 
are not much different from each other; although the value for the 1970 
season is slightly higher than for 1969. Table II shows two dry periods 
during the first week of July and August in 1969 and a similar dry period 
that occurred during the first week of July in 1970.
Tables IV, V, and VI show the different amounts of calcium, mag­
nesium, and potassium, respectively, in the leaves of sweet potato plants 
at different positions on the vine at six rates of gypsum application.
The slips were planted on dune 10, and the leaf samples were taken for 




The Amount of Rainfall* Received by the Soil at the Experimental Site 
During the 1969 and 1970 Seasons, Idlewild Experiment Station
1969 1970
Month Day Rainfall Month Day Rainfall
May 8 .88 May 3 2.20
May 17 .27 May 19 .86
May 24 .45 May 29 .56
May 26 .72 Total 3.62
Total 2.32
June 1 1.29
June 5 .40 June 2 1.10
June 9 .79 June 23 .48
June 29 .43 June 29 .78
Total 1.62 Total 3.65
July 6 .24 July 10 2.02
July 10 2.33 July 12 1.15
July 14 1.62 July 14 .46
July 17 .58 July 21 1.56
July 19 1.46 July 25 1.09
July 23 .23 Total 6.28
July 28 .78
Total 7.24 August 1 .50
Augus t 3 1.52
Augus t 11 .31 Augus t 17 .30
August 18 .33 August 21 .43
August 22 .95 August 26 .41
August 25 .46 August 30 2.36
August 31 1.02 Total 5.52
Total 3.07
September 2 .31
September 4 1.22 September 8 .78
September 5 .54 September 12 .96
September 8 .56 September 16 .40
Total 2.32 September 24 .60
September 26 .52
October 7 6.65 Total 3.57
October 10 .66
October 31 .46 October 9 .81




Total 1969 Season 24.34 Total 1970 Season 27.70




The Percent Moisture in Each Block of a Providence Silt Loam Soil 
at Two Different Depths - 1969 Season
Block 1 Block 2 Block 3 Block 4 Block 5
Depth 0-6 6-12 0-6 6-12 0-6 6-12 0-6 6-12 0-6 6-12
Date
6/11 17.0 19.4 15.2 17.3 17.1 18.0 22.1 21.4 24.8 25.0
6/16 17.2 19.9 17.9 20.1 18.6 19.9 23.8 23.6 26.0 25.8
6/19 14.1 19.5 14.1 17.4 15.7 17.7 18.1 21.6 20.2 23.4
6/23 16.2 18.2 15.0 17.7 18.3 19.7 21.9 22.9 23.0 24.1
6/25 15.0 19.8 15.2 18.7 16.4 18.9 18.6 21.8 20.2 23.2
6/30 19.0 20.3 19.2 19.5 22.5 21.7 26.0 24.5 27.0 25.5
7/3 15.0 17.1 14.9 16.6 16.5 18.5 19.7 21.8 20.7 22.3
7/7 10.0 11.9 9.7 12.5 11.7 13.7 14.0 17.3 17.6 19.7
7/17 17.8 19.9 18.1 18.8 22.4 22.0 24.1 22.8 25.9 23.4
7/24 22.7 22.8 24.5 22.9 26.1 24.7 28.7 25.9 28.6 26.5
7/29 18.0 19.4 22.2 20.7 24.2 22.7 26.1 25.0 28.2 25.9
8/4 12.5 18.1 14.2 16.1 17.8 19.2 21.4 21.7 20.6 21.8
8/11 10.9 11.6 10.4 13.2 13.7 15.5 17.8 17.9 18.7 20.5
8/18 11.3 11.0 10.1 10.2 14.9 12.2 15.3 14.6 17.3 18.5
8/26 17.1 15.6 18.9 16.6 21.8 18.9 24.6 22.0 27.6 24.7
9/2 14.3 14.1 14.5 13.4 19.6 18.9 22.7 19.6 24.0 23.4
9/8 20.7 19.7 22.9 21.7 25.9 23.8 28.3 27.8 31.4 26.2
9/15 12.0 13.6 12.1 14.4 17.2 20.1 20.9 22.0 20.7 23.4
9/19 10.4 13.8 10.5 ‘12.3 14.2 16.0 18.4 20.0 19.3 21.1
.9/26 11.2 14.1 11.4 13.2 14.2 13.3 17.7 18.5 17.7 18.7
10/3 9.4 12.4 9.9 9.8 10.1 10.5 13.8 14.9 13.7 15.8
10/10 21.0 21.9 22.7 23.3 26.7 25.8 28.5 25.6 28.3 26.2
10/17 16.1 20.7 17.1 20.3 23.2 21.9 25.7 23.8 25.6 25.1
10/24 13.4 18.5 13.2 18.9 18.8 19.4 23.1 21.9 21.6 23.3
10/31 15.3 17.3 15.8 15.4 21.3 19.4 24.0 21.3 23.4 22.9
Season























A.M. 11.5 13.6 11.7 12.8 15.7 13.4 21.0 19.2 25.1 20.1
Field Capacity (F.C.) - Wilting Point (W.P.) « Available Moisture (A.M.)
28
TABLE III
The Percent Moisture in Each Block of a Providence Silt Loam Soil 
at Two Different Depths - 1970 Season
Block 1 Block 2 Block 3 Block 4 Block 5
Depth 0-6 6-12 0-6 6-12 0-6 6-12 0-6 6-12 0-6 6-12
Date
5/28 24.3 23.2 25.7 21.2 26.7 23.1 29.7 25.7 30.3 26.7
6/3 23.0 22.1 24.3 22.0 26.5 24.3 29.5 26.1 29.5 26.6
6/10 15.4 19.9 15.8 17.1 18.5 19.6 21.0 21.7 22.0 22.6
6/17 12.2 17.3 10.4 15.5 15.6 17.2 18.9 20.9 18.9 20.8
6/24 16.4 16.7 15.5 15.3 18.6 16.0 22.3 22.5 23.7 22.3
7/1 12.5 17.1 13.3 16.8 15.8 16.2 18.0 20.3 18.8 21.0
7/8 9.3 7.8 8.8 8.1 9.3 8.3 8.0 10.6 10.5 12.9
7/15 20.8 20.4 22.3 22.4 24.2 22.9 26.3 24.7 27.8 25.6
7/22 19.6 20.1 19.4 18.6 24.1 20.8 28.0 24.9 30.2 25.6
7/29 16.5 19.6 19.3 20.0 21.7 20.0 24.5 24.4 24.8 23.5
8/5 17.6 16.0 21.5 19.4 21.6 19.7 28.0 23.7 28.2 24.4
8/12 14.3 16.6 15.9 19.1 17.1 18.3 21.8 22.5 22.6 23.7
8/19 11.2 14.7 13.9 15.2 14.6 16.6 19.4 20.6 20.9 21.5
8/26 12.9 13.0 11.5 13.1 13.5 12.5 17.0 15.3 10.9 18.5
9/2 16.5 17.9 20.7 20.4 19.8 19.6 24.6 23.7 26.3 25.2
9/9 26.1 14.0 21.6 2.0.4 23.4 22.1 25.8 23.0 27.5 25.8
9/16 20.3 21.8 20.9 21.1 21.9 20.6 22.3 20.8 25.0 23.9
9/23 12.4 18.1 14.5 19.6 17.3 18.6 20.2 21.7 21.3 21.8
9/30 16.2 18.6 15.1 17.6 17.9 18.1 21.4 20.6 21.7 22.2
10/7 15.3 16.5 13.8 16.2 18.3 18.4 21.1 20.9 22.5 21.4
10/14 19.5 19.7 21.5 20.3 23.3 21.8 27.6 24.9 28.2 26.7
10/21 21.8 22.2 21.9 22.3 25.0 23.1 27.7 25.2 29.7 26.1
Season
Average 17.0 17.9 17.6 18.3 19.8 19.0 23.0 22.0 24.1 23.1
F.C. 17.0 20.8 17.0 19.5 20.4 19.2 26.3 24.3 31.1 26.2
W.P. 5.5 7.2 5.3 6.7 4.7 5.8 5.3 5.1 6.0 6.1
A.M. 11.5 13.6 11.7 12.8 15.7 13.4 21.0 19.2 25.1 20.1
Field Capacity (F.C.) - Wilting Point (W.P.) => Available Moisture (A.M.)
TABUS IV
Die Effect of Different Rates of Gypsum Applied to a Providence Silt Loam Soil on the
Concentration of Calcium in Sweet Potato Leaves* at Different Positions on die Vine**
Equivalent 






T-5 T-7 T-9 T-ll T-13 T-15 T-17 T-19 T-21 T-23
0 None .11 .23 .33 .44 .49 .60 .85 1.20 1.43 1.67
125 Gypsum .10 .25 .34 .41 .55 .65 .86 1.07 1.24 1.63
250 Gypsum .10 .24 .32 .35 .44 .53 .60 .85 1.23 1.41
500 Gypsum .10 .25 .34 .37 .45 .75 .83 .94 1.37 1.49
1000 Gypsum .10 .29 .42 .44 .69 .92 1.16 1.30 1.57 2.12
2000 Gypsum .08 .24 .34 .36 .44 .60 .79 .93 1.30 1.86
Position Average .10 .25 .35 .40 .51 .68 .85 1.05 1.36 1.70
Before planting, die slips contained 0.39 percent calcium in leaf T-10 and 0.80 percent calcium in leaf 
T-17.
^Sampled on July 29 after planting on June 10.
**Calcium values are expressed as percent dry weight.
TABLE V
Hie Effect of Different Rates of Gypsum Applied to a Providence Slit Loam Soil on the Concentration of
Magnesium In Sweet Potato Leaves* at Different Positions on the Vine **
Equivalent 






T-5 T-7 T-9 T-ll T-13 T-15 T-17 T-19 T-21 T-23
0 None .30 .32 .34 .36 .39 .43 .55 .72 .79 .91
125 Gypsum .32 .31 .35 .37 .40 .43 .52 .67 .87 1.01
250 Gypsum .30 .35 .35 .36 .37 .41 .50 .66 .81 1.00
500 Gypsum .31 .31 .36 .36 .40 .54 .50 .57 .79 1.00
1000 Gypsum .30 .31 .37 .41 .49 .57 .67 .87 .93 1.10
2000 Gypsum .33 .32 .34 .36 .38 .44 .59 .69 .84 .99
Position Average .31 .32 .35 .37 .41 .47 .56 .70 .84 1.00
♦Sampled on July 29 after planting on June 10. 
♦♦Magnesium values are expressed as percent dry weight.
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TABLE VI
The Effect of Different Rates of Gypsum Applied to a Providence Silt Loam Soil on the Concentration of
Potassium in Sweet Potato Leaves* at Different Positions on the Vine **
Equivalent 






T-5 T-7 T-9 T-ll T-13 T-15 T-17 T-19 T-21 T-23
0 None 3.55 2.92 2.60 2.94 3.01 3.15 3.30 3.42 3.31 3.51
125 Gypsum 3.72 2.65 2.63 2.46 2.67 2.94 3.07 2.87 2.92 2.73
250 Gypsum 3.48 2.84 2.65 2.87 2.80 3.02 3.00 3.18 3.09 2.82
500 Gypsum 3.32 2.90 2.93 2.84 2.88 2.98 3.07 3.05 3.05 3.11
1000 Gypsum 3.40 2.29 2.42 2.46 2.37 2.45 2.41 2.76 2.39 2.14
2000 Gypsum 3.66 3.17 3.23 3.01 2.99 3.34 3.24 3.17 3.32 2.99
Position Average 3.52 2.80 2.74 2.76 2.80 2.98 3.02 3.08 3.01 2.88
♦Sampled on July 29 after planting on June 10. 
**Potassium values are expressed as percent dry weight.
age or position of the leaf from a minimum in the younger T-5 leaf to 
a maximum in the older T-17 leaf (Table IV) . The magnesium concentra­
tion followed the same pattern as the calcium concentration but at a 
lesser extent. The differences in the magnesium concentration between 
the youngest and the oldest leaves are smaller than those for calcium 
(Table V) . Both the calcium and magnesium concentrations show that 
there was no effect in the uptake of the respective element due to the 
application of gypsum. The average values for the leaf positions re­
flect the pronounced effect that the age of the leaf had on the calcium 
concentration and the little, if any, influence of the calcium treatments 
on the concentration of this element in the leaves (Table IV) . In the 
case of potassium, the results given in Table VI imply that potassium 
did not behave like calcium and magnesium. The concentration of potas­
sium in the leaves at different positions showed less variation than 
those of calcium and magnesium. The potassium concentration was not af­
fected by the leaf position (age) or by the different rates of applied 
gypsum.
Tables VII and VIII show the yield and dry matter of the freshly- 
harvested roots and the firmness of the canned roots for 1969 and 1970, 
respectively. The statistical analysis of the data revealed that these 
variables were not affected significantly by the application of various 
calcium salts to the soil. In general, the yield was slightly higher in 
1970 than it was in 1969. The same is true for the firmness values of 
the canned roots. It appears that the highest rate of calcium chloride 
depressed the yield to some extent in 1969, but this effect was less
TABLE VII
The Effect of Different Calcium Salts Applied to Providence Silt Loam Soil* on the Yield,
Dry Matter, and Firmness of Canned Sweet Potato Roots - 1969
Equivalent 
Rate of CaO 
(Lbs/Acre) Source of Calcium No. 1
Yield (Bushels/Acre) 






0 None 183 124 139 446 27.00 57
125 Gypsum 208 124 119 451 27.56 58
250 Gypsum 223 84 114 421 27.30 57
500 Gypsum 213 94 134 441 27.13 56
1000 Gypsum 213 99 134 446 26.93 52
2000 Gypsum 208 99 134 456 26.99 52
0 None 228 99 134 461 27.96 54
250 Calcium Carbonate 208 94 99 401 26.91 65
500 Calcium Carbonate 228 109 124 461 27.09 54
1000 Calcium Carbonate 208 104 94 406 28.04 60
125 Calcium Chloride 193 114 124 431 27.23 59
250 Calcium Chloride 193 114 104 411 28.21 55
500 Calcium Chloride 183 74 124 381 26.69 55
126 Normal Superphosphate 233 104 119 456 27.96 54
40 Triple Superphosphate 235 83 134 450 27.84 60
F Value NS NS NS NS NS NS
*Each plot received 30-90-60 (N,P20ij, K2O) per acre prior to planting time.
TABLE VIII
The Effect of Different Calcium Salts Applied to Providence Silt Loam Soil* on the Yield,
Dry Matter, and Firmness of Canned Sweet Potato Roots - 1970
Equivalent 
Rate of CaO 
(Lbs/Acre) Source of Calcium No. 1
Yield (Bushels/Acre) 






0 None 208 198 50 456 29.17 73
125 Gypsum 213 193 45 450 29.08 70
250 Gypsum 252 208 45 506 29.11 73
500 Gypsum 188 208 54 450 29.61 73
1000 Gypsum 168 223 45 436 29.51 70
2000 Gypsum 223 213 45 482 29.26 73
0 None 213 233 35 483 30.14 73
250 Calcium Carbonate 188 168 59 416 30.13 81
500 Calcium Carbonate 243 163 79 481 28.60 65
1000 Calcium Carbonate 193 228 50 474 30.10 78
125 Calcium Chloride 203 262 40 505 29.50 73
250 Calcium Chloride 262 198 50 510 29.19 75
500 Calcium Chloride 233 183 45 460 28.49 72
126 Normal Superphosphate 248 193 45 484 29.82 73
40 Triple Superphosphate 218 203 64 485 29.07 77
F Value NS NS NS NS NS NS
♦Each plot received 30-90-60 (N, P2O5 , K2O) per acre prior to planting time.
w
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pronounced in 1970. The dry matter content followed a similar pattern, 
being adversely affected in 1969 by the highest rate of calcium chloride 
and to a lesser extent in 1970. The shear press values for firmness, 
expressed as pounds per square inch, were higher in 1970 as compared to 
the 1969 values. In both years, the plots that received 250 pounds of 
CaO from calcium carbonate produced roots with higher firmness values 
than the remainder of the treatments, but the differences were not 
large enough to be significant. However, an appraisal of the firmness 
values for increasing rates of calcium carbonate showed that larger 
amounts of this salt reduced the firmness of the roots.
The analytical data for the calcium concentration in Leaf T-10 
at four different sampling dates are presented in Table IX. The calcium 
concentration of these leaves does not indicate any significant increase 
in the uptake of calcium by the sweet potato plants grown in plots that 
received various levels of different calcium salts. Although there were 
no significant Increases in the calcium concentration among treatment 
effects, the highest rate of calcium carbonate produced leaves with the 
highest concentration of calcium on three of the four sampling dates.
In general, the leaves from the calcium carbonate treatments had higher 
amounts of calcium than those from the other treatments. There were 
some seasonal differences in the concentration of calcium, as shown by 
the samples taken at the different sampling dates. The highest calcium 
concentration was found in the leaves sampled in October, 1969, and the 
lowest was present in the leaves sampled in August, 1969.
TABLE IX
The Effect of Different Calcium Salts Applied to Providence Silt Loam Soil* on the Concentration
of Calcium in Sweet Potato Leaf Number T-10 - Sampled in 1969 and 1970
Equivalent 
Rate of CaO 











0 None 6,060 9,000 8,800 6,320
125 Gyppum 5,700 9,680 8,900 6,200
250 Gypsum 6,180 9,380 9,000 6,780
500 Gypsum 6,980 9,880 9,400 6,980
1000 Gypsum 6,480 9,920 10,040 7,100
2000 Gypsum 5,860 9,600 9,146 6,640
0 None 6,340 9,400 8,830 6,220
250 Calcium Carbonate 6,540 10,500 9,020 6,140
500 Calcium Carbonate 6,440 10,240 8,900 6,740
1000 Calcium Carbonate 6,680 11,300 10,080 8,360
125 Calcium Chloride 6,580 9,660 8,860 6,780
250 Calcium Chloride 6,620 10,460 8,870 6,360
500 Calcium Chloride 6,700 9,740 9,020 6,880
126 Normal Superphosphate 6,500 10,360 8,890 6,460
40 Triple Superphosphate 5,620 10,820 8,920 6,260
F Value
>
NS NS NS NS
*Each plot received 30-90-60 (N, P2®5» ^2 Per acre Prior t0 planting time.
The older leaf (T-17) was sampled only during August of each year. 
The calcium concentration data for Leaf Number T-17, together with the 
calcium data for the fleshy roots are shown In Table X. As may be seen 
In this table, the amount of calcium absorbed by the roots or Leaf Num­
ber T-17 was not influenced by the amount of calcium applied to the 
soil in the different treatments. Only minor effects were noted among 
treatments. The highest concentration of calcium was found in the samples 
collected in 1969 from the plots receiving the highest rate of calcium 
chloride. However, in the 1970 season the leaves with the highest cal­
cium concentration were those from the plots receiving the highest rate 
of calcium carbonate. The results obtained in the analysis of Leaf Num­
ber T-17 are not very consistent for the different treatments and the 
two years. The calcium concentration of the roots shown in the same 
table indicate little difference among treatment effects. The accumula­
tion of calcium by the roots does not reflect the calcium concentrations 
found in the leaf samples, as shown in Table X and also in Table IX. By 
comparing the concentration of calcium in the leaves and in the roots 
given in Table X, it can be seen that the calcium concentration of Leaf 
Number T-17 sample is several times greater than that found in the root 
samples. The calcium concentration of the roots in both years was simi­
lar and only the highest rate of gypsum appeared to produce roots with 
a slightly higher calcium content.
It is apparent from the data in Table XI that the application of 
calcium salts to the soil had a more pronounced effect on the manganese 
concentration of sweet potato leaves than it had on the calcium content
TABLE X
The Effect of Different Calcium Salts Applied to Providence Silt Loam Soil* on the Concentration 
of Calcium in Leaf Number T-17 and in the Fleshy Roots of Sweet Potatoes -
Sampled in August 1969 and 1970
Equivalent 
Rate of CaO 
(Lbs/Acre) Source of Calcium









0 None 8,700 6,640 334 330
125 Gypsum 8,830 6,950 273 :306
250 Gypsum 8,680 7,650 288 344
500 Gypsum 9,430 7,680 325 367
1000 Gypsum 9,320 7,740 330 298
2000 Gypsum 9,500 7,570 338 414
0 None 8,680 6,760 276 320
250 Calcium Carbonate 9,100 7,630 008 322
500 Calcium Carbonate 8,950 7,610 331 347
1000 Calcium Carbonate 9,570 7,720 289 282
125 Calcium Chloride 9,680 6,820 328 245
250 Calcium Chloride 9,980 7,690 329 284
500 Calcium Chloride 10,160 7,650 303 322
126 Normal Sunerphosphate 9,440 6,870 302 313
40 Triple Superphosphate 9,170 6,820 314 332
F Value NS NS NS NS
*Each plot received 30-90-60 (N, P2O5 , K2O) per acre prior to planting time.
TABLE XI
The Effect of Different Calcium Salts Applied to Providence Silt Loam Soil* on the Concentration
of Manganese in Sweet Potato Leaf Number T-10 - Sampled in 1969 and 1970
Equivalent 
Rate of CaO 










0 None 256 cd 251 d-f 559 c-i 215 c-g
125 Gypsum 238 cd 281 c-f 585 c-e 272 b-d
250 Gypsum 255 cd 299 c-e 562 c-g 240 c-g
500 Gypsum 273 cd 255 d-f 514 d-k 224 c-g
1000 Gypsum 239 cd 249 d-f 657 c 221 c-g
2000 Gypsum 257 cd 258 d-f 459 e-k 250 b-e
0 None 223 cd 227 f 425 jk 185 e-g
250 Calcium Carbonate 292 cd 277 c-f 619 cd 197 e-g
500 Calcium Carbonate 201 d 236 d-f 401 k 178 g
1000 Calcium Carbonate 217 cd 255 d-f 409 k 187 e-g
125 Calcium Chloride 344 be 325 c 572 c-f 277 be
250 Calcium Chloride 423 ab 420 ab 831 b 309 b
500 Calcium Chloride 525 a 469 a 998 a 453 a
126 Normal Superphosphate 309 b-d 288 c-f 561 c-h 248 b-f
40 Triple Superphosphate' 290 cd 300 cd 530 c-j 233 c-g
*Each plot received 30-90-60 (N, ?2°5’ ^2®^ Per acre Prior to planting time.
Treatment means followed by different letters are different at the 5 percent level of probability. 
Letters joined by a dash sign include the other letters between them in alphabetical order.
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of the same leaves. The concentrations of manganese In Leaf T-10 
(Table XI) Indicate that the calcium chloride treatments Increased the 
accumulation of manganese considerably while the calcium carbonate 
treatments had the opposite effect. The manganese concentration of 
the leaves from the plots receiving the highest rate of calcium chlor­
ide was always higher than that in the leaves from the plots where 
calcium carbonate was applied at its highest rate. As a general rule, 
the remainder of the treatments did not have much influence on the 
manganese concentration of the leaves.
The manganese concentration of Leaf Number T-17 (Table XII) was 
affected in a way similar to that found for Leaf Number T-10 (Table XI) . 
Also in Leaf Number T-17, the calcium chloride treatments increased 
the manganese concentration of the leaves in both years. The calcium 
carbonate treatments exhibited the same tendency to diminish the man­
ganese accumulation by the leaves. The same effect that calcium 
chloride had on the leaves (Table XI) also applied to the roots (Table 
XII). The data for the roots show that the highest rate of calcium 
chloride application definitely increased the manganese concentration 
in the roots. Calcium carbonate again showed a tendency to depress the 
manganese concentration of the roots. By comparing the value for the 
manganese concentration in Leaf Number T-10 (Table XI) with values for 
the same element in Leaf Number T-17 and in the roots (Table XII), it 
can be seen that greater concentrations of manganese were found in the 
older leaves (T-17) than were present in the younger leaves (T-10) or 
in the roots. In general, in considering all of the treatments in this
TABLE XII
The Effect of Different Calcium Salts Applied to Providence Silt Loam Soil* on the Concentration
of Manganese in Leaf Number T-17 and in the Fleshy Roots of Sweet Potatoes -
Sampled in August, 1969 and 1970
Equivalent 
Rate of CaO 
(Lbs/Acre) Source of Calcium









0 None 411 ef 564 c-i 18 cd 20 cd
125 Gypsum 460 c-f 603 c-g 17 c-g 24 c
250 Gypsum 413 ef 608 c-e 19 c 21 cd
500 Gypsum 440 c-f 517 c-j 17 cd 20 cd
1000 Gypsum 436 c-f 638 c 17 cd 20 cd
2000 Gypsum 455 c-f 493 c-j 18 cd 21 cd
0 None 386 f 431 ij 15 cd 18 d
250 Calcium Carbonate 456 c-f 530 c-j 19 c 17 d
500 Calcium Carbonate 331 f 413 j 16 cd 18 d
1000 Calcium Carbonate 448 c-f 376 j 17 cd 17 d
125 Calcium Chloride 586 cd 623 cd 21 be 23 cd
230 Calcium Chloride 882 ab 872 b 24 b 30 b
500 Calcium Chloride 995 a 1021 a 30 a 26 a
126 Normal Superphosphate 566 c-e 594 c-h 18 cd 22 cd
40 Triple Superphosphate 594 c 604 c-f 18 cd 23 cd
*Each plot received 30-90-60 (N, P2°5 » K2O ) per acre prior to planting time.
Treatment means followed by different letters are different at the 5 percent level of probability. 
Letters joined by a dash sign include the other letters between them in alphabetical order.
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experiment, the manganese concentration of the sweet potato leaves was 
several times higher than that In the fleshy roots.
The magnesium concentration of the leaves and roots evidently 
was unaffected by calcium applications (Table XIII and XIV) . The data 
for Leaf Number T-10 (Table XIII), and for Leaf Number T-17 and roots 
(Table XIV) indicate that the calcium content of the soil did not have 
any effect on the uptake of magnesium by the sweet potato plant. No 
magnesium containing fertilizer was applied to the soil in this experi­
ment. The magnesium concentration of the roots showed a tendency to 
be slightly higher in 1970 than in 1969. It may be noted that the mag­
nesium concentration of leaves (Tables XIII and XIV) was about half 
the calcium concentration of the same leaves (Tables IX and X) . On the 
other hand, the opposite was true for the roots, which accumulated ap­
proximately twice as much magnesium as they did calcium.
Like calcium and magnesium, potassium did not show any signifi­
cant differences among treatments in the concentration of the respective 
element that could be attributed to the effect of the calcium salts ap­
plied to the soil (Table XV and XVI). The potassium concentration of 
all of the leaves sampled for all of the treatments at the different 
sampling dates appeared to be rather uniform and constant. However, 
the concentration of potassium in the fleshy roots was definitely af­
fected by the calcium treatments (Table XVI) . The potassium values for 
the roots (Table XVI) are inconsistent for the two years. Only the high­
est rate of calcium chloride appeared to increase the potassium concen­
tration of the fleshy roots in both years. The concentration of
TABLE XIII
The Effect of Different Calcium Salts Applied to Providence Silt Loam Soil* on the Concentration
of Magnesium in Sweet Potato Leaf Number T-10 - Sampled in 1969 and 1970
Equivalent 
Rate of CaO 










0 None 3,840 4,920 4,690 3,420
125 Gypsum 3,780 5,660 4,940 2,530
250 Gypsum 3,820 5,620 5,130 3,660
500 Gypsum 3,960 5,040 4,700 3,500
1000 Gypsum 3,780 5,500 5,250 3,740
2000 Gypsum 3,700 5,260 4,630 3,480
0 None 4,080 5,820 4,400 3,330
250 Calcium Carbonate 4,280 6,320 5,180 3,510
500 Calcium Carbonate 3,840 5,480 4,500 3,240
1000 Calcium Carbonate 3,820 5,900 5,030 3,840
125 Calcium Chloride 4,060 5,420 4,460 3,720
250 Calcium Chloride 2,880 5,320 4,670 3,240
500 Calcium Chloride 4,100 5,160 4,810 3,470
126 Normal Superphosphate 3,840 5,640 4,560 3,560
40 Triple Superphosphate 3,860 5,800 5,200 3,520
F Value NS NS NS NS
*Each plot received 30-90-60 (N, P2°5» K2°) Per acre prior to planting time.
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TABLE XIV
The Effect of Different Calcium Salts Applied to Providence Silt Loam Soil* on the Concentration
of Magnesium in Leaf Number T-17 and in the Fleshy Roots of Sweet
Potatoes - Sampled in August, 1969 and 1970
Equivalent 
Rate of CaO 
(Lbs/Acre) Source of Calcium









0 None 4,300 5,000 608 551
125 Gypsum 4,000 4,750 612 584
250 Gypsum 4,110 5,030 645 554
500 Gypsum 4,260 4,630 613 562
1000 Gypsum 4,120 5,070 628 556
2000 Gypsum 4,350 4,490 623 544
0 None 4,420 4,400 612 568
250 Calcium Carbonate 4,600 5,110 652 533
500 Calcium Carbonate 4,340 4,660 610 601
1000 Calcium Carbonate 4,760 5,010 570 522
125 Calcium Chloride 4,650 4,590 617 534
250 Calcium Chloride 4,820 4,480 603 539
500 Calcium Chloride 4,800 4,730 607 561
126 Normal Superphosphate 4,560 4,740 604 490
40 Triple Superphosphate 4,680 5,030 599 550
F Value NS NS . NS NS
*Each plot received 30-90-60 (N, 1^5* ^2®^ Per acre Pr:i-or t0 planting time.
TABLE XV
The Effect of Different Calcium Salts Applied to Providence Silt Loam Soil* on the Concentration
of Potassium in Sweet Potato Leaf Number T-10 - Sampled in 1969 and 1970
Equivalent 
Rate of CaO 










0 None 21,640 26,640 23»2i0 20,760
125 Gypsum 21,380 26,080 24,600 21,400
250 Gypsum 22,560 27,200 23,200 20,300
500 Gypsum 21,380 26,160 23,620 19,500
1000 Gypsum 21,140 26,560 22,840 21,110
2000 Gypsum 22,720 27,040 22,400 19,940
0 None 21,780 24,960 22,390 20,320
250 Calcium Carbonate 20,920 24,320 23,600 19,900
500 Calcium Carbonate 22,300 26,310 25,400 20,750
1000 Calcium Carbonate 20,860 25,200 22,410 19,620
125 Calcium Chloride 21,360 26,880 24,400 21,640
250 Calcium Chloride 20,660 26,320 23,600 20,000
500 Calcium Chloride 21,320; 27,120 24,800 20,910
126 Normal Superphosphate 20,120; 24,340 22,800 19,900
40 Triple Superphosphate 19,840 25,440 25,500 20,220
F Value NS NS NS NS
*Each plot received 30-90-60 (N, ?2®5* ^2®^ Per acre Pri°r to planting time.
TABLE XVI
Hie Effect of Different Calcium Salts Applied to Providence Silt Loam Soil* on the Concentration
of Potassium in Leaf Number T-17 and in the Fleshy Roots of
Sweet Potatoes - Sampled in August, 1969 and 1970
Equivalent 
Rate of CaO 
( Lbs/Acre) Source of Calcium









0 None 22,600 22,300 11,400 a 10,500 a-c
125 Gypsum 20,810 21,900 10,460 a-c 10,060 a-c
250 Gypsum 20,815 20,640 11,180 ab 11,200 ab
500 Gypsum 22,000 22,250 11,020 a-c 10,950 a-c
1000 Gypsum 20,100 22,480 10,340 a-c 10,780 a-c
2000 Gypsum 20,450 22,630 10,900 a-c 10,370 a-c
0 None 19,698 22,610 10,040 be 10,250 a-c
250 Calcium Carbonate 20,060 22,100 10,620 a-c 10,360 a-c
500 Calcium Carbonate 20,410 22,420 10,860 a-c 10,290 a-c
1000 Calcium Carbonate 19,600 20,000 9,780 c 9,910 a-c
125 Calcium Chloride 22,480 21,530 10,920 a-c 10,450 a-c
250 Calcium Chloride 20,820 22,110 9,820 c 9,850 c
500 Calcium Chloride 22,880 23,380 11,280 ab 11,260 a
126 Normal Superphosphate 20,000 21,610 10,020 be 9,830 c
40 Triple Superphosphate 21,600 22,720 10,240 a-c 10,210 a-c
F Value NS NS
*Each plot received 30-90-60 (N, P 2 ° 5 »  K 2 ° )  Per acre Prior to planting time.
Treatment means followed by different letters are different at the 5 percent level of probability.
Letters joined by a dash sign include the other letters between them in alphabetical order.
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potassium in the fleshy roots (Table XVI) was about one half of that 
found in the leaves (Tables XV and XVI). However, the potassium con­
centration of the roots (Table XVI) was several times the calcium or
magnesium content (Tables X and XIV) of the same roots.
The data on phosphorus concentration in Leaf Number T-10 at four 
different sampling dates during the two growing seasons are presented 
in Table XVII. The accumulation of phosphorus by these leaves was 
fairly uniform and independent of the amount of calcium applied to the 
soil. Also, the phosphorus concentration of the Leaf T-17 samples did 
not show any significant difference among treatment effects (Table 
XVIII). The concentration of phosphorus in the roots (Table XVIII) ap­
peared to be affected by the calcium treatments applied to the soil.
The data indicate that calcium carbonate decreased the accumulation of 
phosphorus by the fleshy roots. The results of the other calcium treat­
ments upon root phosphorus accumulation were inconsistent for both years.
The soil samples from each plot were analyzed for pH and for the 
contents of extractable cations calcium, manganese, magnesium, and po­
tassium. The results are presented in Tables XIX, XX, and XXI. The 
soil pH data in the three tables show that the calcium carbonate treat­
ments gradually increased the pH of the soil. The highest soil pH was 
obtained where the highest amount of calcium carbonate was applied. These 
effects on soil pH were rather constant for all sampling dates. The 
other calcium treatments did not have much influence on the soil pH. The 
extractable calcium data reflect the amount and kind of calcium salts 
applied to the soil. The greater amounts of calcium were extracted from
TABLE XVII
The Effect of Different Calcium Salts Applied to Providence Silt Loam Soil* on the Concentration
of Phosphorus in Sweet Potato Leaf Number T-10 - Sampled in 1969 and 1970
Equivalent 
Rate of CaO 










0 None 2,240 1,880 1,900 2,150
125 Gypsum 2,180 1,920 2,000 2,140
250 Gypsum 2,160 1,930 2,150 2,300
500 Gypsum 2,120 1,860 2,050 2,170
1000 Gypsum 2,160 2,020 2,300 2,400
2000 Gypsum 2,200 2,080 2,140 2,380
0 None 2,130 1,870 2,010 2,300
250 Calcium Carbonate 2,060 1,820 2,020 2,310
500 Calcium Carbonate 2,060 1,880 2,160 2,170
1Q00 Calcium Carbonate 2,220 1,930 2,010 2,300
125 Calcium Chloride 2,150 1,960 2,000 2,150
250 Calcium Chloride 2,210 2,060 2,120 2,300
500 Calcium Chloride 2,170 2,000 2,150 2,180
126 Normal Superphosphate 2,130 2,010 2,150 2,190
40 Triple Superphosphate 2,140 1,890 2,130 2,260
F Value NS NS NS NS
*Each plot received 30-90-60 (N, I*2®5» ^2^ Per acre prior to planting time.
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TABLE XVIII
The Effect of Different Calcium Salts Applied to Providence Silt Loam Soil* on the Concentration
of Phosphorus in Leaf Number T-17 and in the Fleshy Roots of Sweet
Potatoes - Sampled in August, 1969 and 1970
Equivalent 
Rate of CaO 
(Lbs/Acre) Source of Calcium









0 None 1,900 1,960 1,090 ab 1,250 b
125 Gypsum 1,940 2,150 1,020 ab 1,400 b
250 Gypsum 1,910 2,170 1,125 ab 1,250 b
500 Gypsum 1,930 2,000 1,150 ab 1,360 b
1000 Gypsum 1,960 2,200 1,130 ab 1,325 b
2000 Gypsum 1,870 2,280 1,170 a 1,400 b
0 None 1,840 2,150 1,155 ab 1,600 a
250 Calcium Carbonate 1,820 2,050 1,015 ab 1,260 b
500 Calcium Carbonate 1,800 2,120 994 b 1,240 b
1000 Calcium Carbonate 1,860 2,060 980 b 1,000 b
125 Calcium Chloride 1,920 2,020 1,030 ab 950 c
250 Calcium Chloride 1,950 2,180 1,010 ab 1,250 b
500 Calcium Chloride 1,900 2,130 1,005 ab 1,284 b
126 Normal Superphosphate 1,990 2,140 1,060 ab 1,390 b
40 Triple Superphosphate 1,940 2,120 1,070 ab 1,400 b
F Value NS NS
*Each plot received 30-90-60 (N, ^2°) Per acre prior to planting time.
Treatment means followed by different letters are different at the 5 percent level of probability.
TABLE XIX
Hie Effect of Different Calcium Salts Applications* on the Soil Reaction and on the
Levels of Extractable Calcium, Manganese, Magnesium, and Potassium
in a Providence Silt Loam Soil - Sampled in October, 1J69
Equivalent
Rate of CaO .....  PP*(Lbs/Acre) Source of Calcium pH Ca Mn Mg K
0 None 4.9 c 283 g 118 a-c 91 a-e 418
125 Gypsum 4.8 c 438 e-g 115 a-d 90 a-f 280
250 Gypsum 4.8 c 442 e-g 105 a-f 73 d-g 374
500 Gypsum 4.7 c 847 b-d 102 a-f 68 e-g 422
1000 Gypsum 4.7 c 753 b-e 107 a-f 77 c-g 374
2000 Gypsum 4.8 c 1,032 b 106 a-f 68 e-g 304
0 None 4.9 c 261 & 104 a-f 100 a-f 384
250 Calcium Carbonate 5.7 bi 913 be 88 d-f 93 a-d 364
500 Calcium Carbonate 5.8 b 752 b-f 91 c-f 101 ab 308
1000 Calcium Carbonate 6.4 a 1,769 a 80 f 103 a 246
125 Calcium Chloride 4.9 c 305 g 115 a-d 80 a-g 302
250 Calcium Chloride 5.0 c 379 g 121 a 57 g 318
500 Calcium Chloride 4.9 c 392 e-g 119 ab 60 g 344
126 Normal Superphosphate 4.8 c 427 e-g 110 a-e 72 d-g 336
40 Triple Superphosphate 5.0 c 318 g 103 a-f 91 a-e 382
F Value NS
*Each plot received 30-90-60 (N, K2°) Per acre prior to planting time.
Treatment means followed by different letters are different at the 5 percent level of probability.
Letters joined by a dash sign include the other letters between them in alphabetical order.
TABLE XX
The Effect of Different Calcium Salts Applications* on the Soil Reaction and on the Levels
of Extractable Calcium, Manganese, Magnesiuip, and Potassium in a
Providence Silt Loam Soil - Sampled in May, 1970
Equivalent 
Rate of CaO 
(Lbs/Acre) Source of Calcium pH Ca
ppm
Mn Mg K
0 None 5.0 cd 289 f 91 a-m 104 404
125 Gypsum 4.9 c-f 349 ef 110 a-c 124 414
250 Gypsum 4.9 c-f 343 ef 102 a-g 100 384
500 Gypsum 4.8 d-f 413 c-e 99 a-1 99 346
1000 Gypsum 4.7 f 500 b-d 104 a-f 100 340
2000 Gypsum 4.7 f 533 b 105 a-e 91 354
0 None 4.9 c-f 303 ef 94 a-k 121 384
250 Calcium Carbonate 5.1 c 348 ef 92 a-1 112 392
500 Calcium Carbonate 5.4 b 512 be 73 i-n 120 370
1000 Calcium Carbonate 5.7 a 643 te 58 n 109 258
125 Calcium Chloride 4.9 c-f 322 ef 101 a-h 106 366
250 Calcium Chloride 4.9 c-f 331 ef 112 ab 94 350
500 Calcium Chloride 4.9 c-f 371 ef 118 a 107 420
126 Normal Superphosphate 4.9 c-f 357 ef 108 a-d 100 336
40 Triple Superphosphate 5.0 c-e 337 ef 97 a-j 113 374
F Value NS NS
*Each plot received 30-90-60 (N, *̂ 2°) Per acre prior to planting time.
Treatment means followed by different letters are different at the 5 percent level of probability.
Letters joined by a dash sign include the other letters between them in alphabetical order.
TABLE XXI
The Effects of Different Calcium Salts Applications* on the Soil Reaction and on the Levels of
Extractable Calcium, Manganese, Magnesium, and Potassium in a
Providence Silt Loam Soil - Sampled in October, 1970
Equivalent 
Rate of CaO ppm
(Labs/Acre) Source of Calcium PH Ca Mn Mg K
0 None 4.9 cd 270 g 71 a-e 98 a-d 350 a-d
125 Gypsum 4.7 d 368 g 76 a 104 a-c 396 a-b
250 Gypsum 5.0 cd 355 g 69 a-f 83 a-f 288 b-d
500 Gypsum 4.8 cd 842 cd 62 a-k 74 d-f 340 a-d
1000 Gypsum 4.7 d 868 c 72 a-d 74 d-f 342 a-d
2000 Gypsum 4.8 cd 1,169 ab 62 a-1 61 k 290 a-d
0 None 4.9 cd 275 g 69 a-g 109 ab 362 a-d
250 Calcium Carbonate 5.9 b 738 c-f 55 b-m 98 a-e 336 a-d
500 Calcium Carbonate 5.9 b 835 c-e 45 m 113 a 268 cd
1000 Calcium Carbonate 6.8 a 1,303 a 41 m 104 a-c 274 b-d
125 Calcium Chloride 5.0 cd 326 g 65 a-i 87 a-f 412 a
250 Calcium Chloride 4.9 cd 388 g 75 ab 77 c-f 362 a-d
500 Calcium Chloride 4.9 cd 422 g 74 a-c 67 f 374 a-c
126 Normal Superphosphate 4.8 cd 384 g 69 a-h 77 c-f 240 d
40 Triple Superphosphate 5.1 c 312 g 64 a-j 100 a-d 254 cd
*Each plot received 30-90-60 (N, ^2^5* ^2®^ Per acre Pri°r to planting time.
Treatment means followed by different letters are different at the 5 percent level of probability. 
Letters joined by a dash sign include the other letters between them in alphabetical order.
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the soil plots that received the highest rates of calcium carbonate and 
gypsum. The plots that received no calcium application released the 
smallest amounts of extractable calcium. The calcium chloride treat­
ments resulted in less extractable calcium than the gypsum or calcium 
carbonate treatments. The variations in the calcium content of the soil 
were not reflected in the calcium concentrations found in the correspond­
ing leaves. The results for extractable potassium and magnesium were 
less consistent than those for calcium. It appears that more magnesium 
could be extracted from the plots that received calcium carbonate than 
from those that received calcium chloride. Extractable potassium was 
usually higher in the calcium chloride plots. Extractable soil mangan­
ese was significantly reduced by the use of calcium carbonate. This 
was the opposite of the effect that calcium carbonate had on extractable 
magnesium and potassium. The calcium chloride treatments enhanced some- 
what the amount of manganese extracted $»y the ammonium acetate extract­
ing solution. In the case of manganese, there was a direct relationship 
between the amount of extractable manganese in the soil that received 
calcium chloride and the manganese concentration in the leaves and 
fleshy roots of the corresponding plots.
Correlations
Total yield showed a highly significant positive correlation with 
the concentration of calcium in the fleshy roots in both years (Table 
XXII) . However, total yield failed to show any relationship when paired 
with some of the soil factors studied such as soil pH and extractable
TABLE XXII
The Relationship Between the Total Yield and the Soil pH, Calcium Concentration in 




Total Yield with Soil pH 0.10 0.18
Total Yield with Calcium Concentration in the Roots 0.58 0.32
Total Yield with Extractable Soil Calcium 0.03 0.11
Total Yield with Extractable Soil Manganese 0.05 0.29
Total Yield with Extractable Soil Magnesium -0.31 -0.43
Total Yield with Extractable Soil Potassium -0.42 -0.39
r Value required for significance at the 5% level of probability 






soil calcium and manganese (Table XXII). Extractable soil magnesium 
and potassium showed a negative relationship with total yield. Total 
yield proved to be negatively related to percent dry matter in the roots 
in the 1969 samples, but in 1970 the correlation coefficient for these 
variables was non-significant, indicating a lack of relationship in that 
year (Table XXIII). However, when the values for both years were corre­
lated together, the over-all result was a non-significant relationship 
between the two variables (Table XXIII). The manganese concentration 
in the roots seemed to have a decreasing effect on the percent dry mat­
ter each year, but when both years data were combined no definite rela­
tionship was found (Table XXIII). Concentrations of calcium, magnesium, 
potassium, and phosphorus all appeared to be associated with the per­
cent dry matter in the roots (Table XXIII). An increase of these ele­
ments in the roots produced a decrease in the percent dry matter of the 
same roots. The results obtained were consistent for both years. Ac­
cording to the data in Table XXIII, all of the cations studied and phos­
phorus had a negative effect on the percent dry matter of the roots. On 
the other hand, the percent dry matter in the roots was positively asso­
ciated with the firmness of the canned roots in each year and in both 
years combined (Table XXIII).
The relationships between the firmness of the canned roots and 
soil pH and the concentrations of calcium, manganese, magnesium, potas­
sium and phosphorus in the roots are given also in Table XXIII. The 
firmness of the canned roots did not show any association with the soil 
pH or with the calcium, manganese or magnesium concentration in the roots
TABLE XXIII
The Relationship Between the Percent Dry Matter in the Roots and the Total Yield, Firmness of 
Canned Roots, Concentration of Calcium, Manganese, Magnesium, Potassium, and Phosphorus in 
the Roots and the Relationship Between the Firmness of the Canned Roots and the Soil pH, 




Percent Dry Matter with Total Yield -0.50 -0.17 -0.14
Percent Dry Matter with Firmness of Canned Roots 0.39 0.52 0.63
Percent Dry Matter with Calcium Concentration in the Roots -0.70 -0.35 -0.41
Percent Dry Matter with Manganese Concentration in the Roots -0.49 -0.26 -0.12
Percent Dry Matter with Magnesium Concentration in the Roots -0.30 -0.26 -0.47
Percent Dry Matter with Potassium Concentration in the Roots -0.78 -0.29 -0.48
Percent Dry Matter with Phosphorus Concentration in the Roots -0.79 -0.42 -0.36
Firmness of Canned Roots with Soil pH 0.12 0.20 -
Firmness of Canned Roots with Calcium Concentration in the Roots -0.17 -0.11 -0.04
Firmness of Canned Roots with Manganese Concentration in the Roots -0.02 -0.04 -0.02
Firmness of Canned Roots widi Magnesium Concentration in the Roots -0.06 -0.19 -0.16
Firmness of Canned Roots withFPotassium Concentration in the Roots -0.24 -0.21 -0.29
Firmness of Canned Roots with Phosphorus Concentration in the Roots -0.32 -0.18 -0.28
r Value required for significance at the 5% level of probability 0.23 0.23 0.17
r Value required for significance at the 1% level of probability 0.30 0.30 0.22
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(Table XXIII) . The phosphorus and potassium concentrations In the roots 
appeared to be negatively related to firmness on the first year and on 
both years combined but did not show this relationship on the second 
year (Table XXIII). The concentrations of the cations and phosphorus 
in the roots evidently had a detrimental effect on the firmness of the 
canned roots, according to the negative correlations obtained.
Leaf Number T-10
These leaf samples were taken twice each year, in August and Octo­
ber. The relationship between the calcium concentration in the leaves 
and the soil and other plant variables are presented in Table XXIV.
The leaf calcium concentration was related to total yield consistently 
with the exception of the August sampling date of the second year at 
vrihich time no association was found between the two variables (Table 
XXIV). The acidity of the soil appeared to be unrelated to the calcium 
concentration in the leaf in 1969, but in the second year correlation 
values indicated that there was some relationship (Table XXIV) . There 
was an association between the calcium concentration in Leaf Number T-10 
and the calcium concentration in Leaf Number T-17 and in the roots for 
both years (Table XXIV) . However, the amount of extractable calcium in 
the soil did not show any relationship with leaf calcium in the first 
year but was closely associated with it in the second year.
Leaf Number T-17
The Leaf Number T-17 data presented in Table XXIV indicate that 
this leaf is not very satisfactory as an index to detect relationships
TABLE XXIV
The Relationship Between the Calcium Concentration in Leaf Number T-10 and the Total Yield, 
Soil. pH, Calcium Concentration in .the Roots and Leaf Number T-17, Extractable Soil Calcium 
and Manganese, and the Relationship Between the Calcium Concentration in Leaf 
Number T-17 and the Total Yield, Calcium Concentration in the Roots,




August Leaf Number T-10 Calcium with Total Yield 0.33 0.15
Leaf Number T-10 Calcium with Soil pH 0.21 0.39
Leaf Number T-10 Calcium with Root Calcium 0.49 0.24
Leaf Number T-10 Calcium with Leaf Number T-17 Calcium 0.42 0.36
Leaf Number T-10 Calcium with Extractable Soil Calcium 0.19 0.39
Leaf Number T-10 Calcium with Extractable Soil Manganese 0.44 0.23
October Leaf Number T-10 Calcium with Total Yield 0.30 0.51
Leaf Number T-10 Calcium with Soil pH 0.19 0.39
Leaf Number T-10 Calcium with Root Calcium 0.36 0.34
Leaf Number T-10 Calcium with Leaf Number T-17 Calcium 0.26 0.50
Leaf Number T-10 Calcium with Extractable Soil Calcium 0.16 0.41
Leaf Number T-10 Calcium with Extractable Soil Manganese 0.12 0.32
August Leaf Number T-17 Calcium with Total Yield 0.19 0.10
Leaf Number T-17 Calcium with Root Calcium 0.12 0.35
Leaf Number T-17 Calcium with Soil pH 0.20 0.34
Leaf Number T-17 Calcium with Extractable Soil Calcium 0.17 0.23
Leaf Number T-17 Calcium with Extractable Soil Manganese 0.15 0.21
r Value required for significance at the 5% level of probability 




between leaf calcium concentration and certain soil variables. No as­
sociation was found between leaf calcium and soil pH, root calcium, or 
extractable soil calcium during the first year, but for the second year 
the same variables appeared to have a relationship among them (Table 
XXIV). Total yield and extractable soil manganese were not associated 
with the calcium concentration in this leaf (Table XXIV).
Table XXV shows the correlation coefficient values for the pair­
ing of root calcium concentration with certain root and soil variables. 
Also shown in this table are the relationships between extractable 
soil calcium and other soil variables. Root calcium, \dien correlated 
with root potassium, gave highly significant r values, indicating that 
a definite relationship existed between these two variables in both 
seasons, but it was not associated with root magnesium (Table XXV).
Root manganese and root phosphorus were associated with root calcium in 
the first year but not in the second year (Table XXV); however, the 
over-all correlation for the two seasons was significant (Table XXV). 
Extractable soil manganese showed a stronger and more consistent rela­
tionship with root calcium than any of the other variables correlated 
with root calcium (Table XXV). The amounts of extractable soil magnes­
ium and potassium were related negatively to root calcium (Table XXV). 
According to these results, high magnesium and potassium in the soil 
produced a decrease in the calcium concentration in the roots. The 
accumulation of calcium by the roots was independent of the pH of the 
soil (Table XXV). These root values do not reflect the relationship 
that existed between soil calcium and pH. This relationship can be
TABLE XXV
Eie Relationship Between the Concentration of Calcium in the Roots and the Root Concentrations 
of Manganese, Potassium, Phosphorus, Extractable Soil Calcium, Manganese, Magnesium, 
Potassium and Soil pH, and the Relationship Between the Extractable Soil 





Root Calcium with Root Manganese 0.37 0.20 0.28
Root Calcium with Root Potassium 0.56 0.31 0.41
Root Calcium with Root Phosphorus 0.59 0.18 0.38
Root Calcium with Extractable Soil Calcium 0.16 0.39 -
Root Calcium with Extractable Soil Manganese 0.60 0.56 -
Root Calcium with Extractable Soil Magnesium -0.32 -0.40 -
Root Calcium with Extractable Soil Potassium -0.42 -0.34 -
Root Calcium with Soil pH 0.03 0.06 -
Extractable Soil Calcium with Soil pH 0.65 0.51 —
Extractable Soil Calcium with Extractable Soil Manganese -0.21 -0.32 -
Extractable Soil Calcium with Extractable Soil Magnesium 0.16 -0.08 -
Extractable Soil Calcium with Extractable Soil Potassium -0.09 -0.05
r Value required for significance at the 5% level of probability 








seen In the same table, which shows a good correlation between extrac­
table soil calcium and soil pH. The values were constant for both 
years (Table XXV). Extractable soil manganese showed a slight relation­
ship with extractable soil calcium during the second year but no asso­
ciation in the first year (Table XXV). Extractable soil magnesium and 
potassium were independent of extractable soil calcium, as indicated in 
Table XXV.
Greenhouse Experiment
Photographs of the sweet potato plants growing on Stough and 
Providence soils with different calcium levels were taken prior to the 
first harvest of the plants.
Representative plants growing in pots in each of the calcium 
treatments shown in Figure 1 demonstrate the effect that the application 
of various levels of calcium acetate to the Stough soil had on the growth 
of the respective plants. Figure 2 shows the pronounced difference in 
growth between plants in the control treatment and those growing on the 
400 ppm of calcium treatment to the same soil.
Plants grown as the control treatment on the Stough soil appeared 
to be stunted, smaller in size, and with smaller than normal, thin, yel­
lowish leaf blades. Plants grown on the same soil but treated with 100 
ppm of calcium were larger in size than the control plants but still 
showed a few small, yellowish leaves. Plants from the 200 ppm of cal­
cium treatment were larger in size and looked healthier than the plants 
from the 100 ppm of calcium treatment but still were not quite as large
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and green in color as the plants from the treatment that received 400 
ppm of calcium. The plants that received the highest calcium rate (400 
ppm) were vigorous and of a uniform dark green color.
Plants growing on the Providence soil with the same calcium 
treatments previously mentioned are shown in Figure 3. The plants 
grown on the no-calcium treatment on the Providence soil were healthy, 
very vigorous, dark green in color, and did not show any visual differ­
ences from the plants from the calcium-treated soil.
Dry Weight of Plant Tops
Table XXVI shows the dry weight (oven-dry) of the tops of sweet 
potato plants grown on the Stough and Providence soils treated with 
four rates of calcium acetate and harvested on two different dates. The 
dry weight values for the tops recorded in the first harvest reflect 
the impressions of visual observations shown in Figures 1, 2, and 3.
The effect of applications of calcium acetate to the Stough soil is 
closely associated with the proportional increase in dry weight of the 
tops produced at each increasing rate of calcium (Table XXVI) . The 
weight of the plants harvested in March show a steady, significant re­
sponse to each of the rates of calcium applied to the Stough soil (Table 
XXVI). During the second period in tfiich the cut stems were allowed to 
regrow, all calcium treatments in the Stough soil produced different 
results from the control, but the results from the two highest calcium 
rates were not quite statistically different from each other (Table 
XXVI). The Providence soil had considerable more native calcium than 
the Stough soil, as explained in the Material and Methods. The plants
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Figure 1. The effect of the application of four levels of
calcium acetate to Stough very fine sandy loam
soil on the growth of the plants.
Figure 2. The effect of the application of 0 and 400 ppm of
calcium acetate to Stough very fine sandy loam
soil on the growth of the plants.
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Figure 3. The effect of the application of four levels of
calcium acetate to Providence silt loam soil on
the growth of the plants.
TABLE XXVI
The Effect of the Application of Calcium Acetate to a Stough Very Fine Sandy Loam and a 
Providence Silt Loam Soil on the Dry Weight of the Tops of Sweet Potato Plants*
Stough Soil Providence Soil
Treatment
Dry Weight of Tops ( grams) 
Harvested Harvested 
3/13/71 6/8/71
Dry Weight of Tops /grams) 
Harvested Harvested 
3/13/71 6/8/71
0 ppm of Calcium 12.70 1.99 36.85 17.76
100 ppm of Calcium 19.48 5.86 36.65 18.60
200 ppm of Calcium 22.80 7.56 38.70 19.64
400 ppm of Calcium 26.08 9.16 39.75 21.13
LSD 5% 2.12 1.69 2.12 NS
LSD 1% 2.89 2.43 2.89 NS
♦Planted on February 1 after treatments were applied on January 19, 1971.
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grown on the Providence soil also showed a response to calcium, ex­
pressed as dry weight of the tops, but only when the effect of the 400 
ppm of calcium treatment was compared with the control and the 100 ppm 
of calcium treatments (Table XXVI). Dry weights of the tops in the 
second harvest from the Providence soil were not influenced by any of 
the calcium rates (Table XXVI). In general in considering all of the 
treatments for both soils, the regrowth of the plants was inferior to 
the weight produced during the first crop (Table XXVI).
Root Weight
The yield of fleshy roots recorded as grams of fresh and dry 
roots (oven-dry) plus the related percent values for dry matter are 
given in Table XXVII. The fresh and dry weights of the roots from the 
Stough soil indicate that the no-calcium treatment was inferior to the 
rest of the calcium treatments, all of vrtiich were better than the con­
trol but not significantly different from each other (Table XXVII).
The first rate of calcium was sufficient to enhance root production be­
cause higher rates of calcium did not have any further effect as compared 
with the first rate applied (Table XXVII). The best yield of fleshy 
roots obtained in the Providence soil was from the 100 ppm of calcium 
treatment vrtiich was clearly superior to the control. As was true for 
the Stough soil, the higher rates of calcium did not produce further in­
creases in yield (Table XXVII). In comparing the treatments that received 
calcium at the same rate on both soils, the weight of the roots were not 
much different except the control treatment in which case the Providence
TABLE XXVII
The Effect of the Application of Calcium Acetate to a Stough Very Fine Sandy Loam and a
Providence Silt Loam Soil on the Fresh Weight, Dry Weight, and Percent Dry
Matter of the Fleshy Roots of Sweet Potatoes*
Treatment
Stough Soil Providence Soil



















0 ppm of Calcium 7.33 2.45 33.48 34.68 11.70 33.70
100 ppm of Calcium 45.05 15.73 34.91 67.05 21.90 32.80
200 ppm of Calcium 51.53 17.45 33.85 42.10 13.83 32.78
400 ppm of Calcium 47.59 16.15 33.98 47.09 15.61 33.07
LSD 5% 23.00 7.55 NS 23.00 7.55 NS
LSD 1% 31.00 10.27 31.00 10.27
♦Planted on February 1 after treatments were applied on January 19, 1971.
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soil was definitely superior. Percent dry matter of the roots from 
both soils evidently was not affected by the calcium treatments (Table
XXVII).
Calcium Concentration
The calcium concentrations in the tops and fleshy roots from both 
soils were highly influenced by the calcium applications. The calcium 
concentration in the tops from the Stough soil showed a steady, almost 
linear increase for each rate of calcium added to the soil (Table
XXVIII). The results were consistent for both crops. The calcium con­
centration in the tops from the Providence soil showed that the first 
rate of calcium did not have any effect on the calcium concentration, 
but the 200 and 400 ppm of calcium rates significantly increased the 
calcium concentration in the tops during the first growing period 
(Table XXVIII). A more pronounced effect was found for the Providence 
soil from the second harvest in which the calcium concentration of the 
tops was significantly increased by each rate of calcium applied to 
the soil (Table XXVIII) . The calcium concentration in the tops from 
all treatments was generally higher in the Providence soil than that
in the Stough soil. The calcium concentration in the roots indicates 
that the two highest rates of calcium were superior to the control 
treatment in the Stough soil, but adjacent treatments were not signi­
ficantly different from each other (Table XXVIII). The root calcium 
concentration from the Providence samples reached its peak value at 
the 100 ppm of calcium level, showing a difference from the control 
but not from the rest of the treatments (Table XXVIII).
TABLE XXVIII
The Ef£ect of the Application of Calcium Acetate to a Stough Very Fine Sandy Loam and a
Providence Silt Loam Soil on the Calcium Concentration in the Tops and
Fleshy Roots of Sweet Potatoes*
Treatment
Stough Soil Providence Soil
Calcium - ppm Calcium - ppm







Harvested Harvested Harvested 
3/13/71 6/8/71 6/8/71
0 ppm of Calcium 1,170 1,100 88 6,310 7,520 155
100 ppm of Calcium 2,840 3,330 122 6,235 9,730 208
200 ppm of Calcium 3,972 5,320 165 7,982 10,196 179
400 ppm of Calcium 6,010 8,805 181 10,040 12,680 206
LSD 5% 114 131 45 114 131 45
LSD 1% 156 178 62 156 178 62
♦Planted on February 1 after treatments were applied on January 19, 1971.
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Manganese Concentration
The manganese concentration In the tops harvested In March was 
hlgjhest in the samples from the 200 ppm of calcium treatment of the 
Stough soil (Table XXIX). The effect of this particular treatment was 
different from that of the highest rate of calcium treatment which had 
a lower manganese concentration, but it was not different from the con­
trol or any of the other treatments (Table XXIX) . The results for the 
second crop from the Stough soil show a significant decrease in the man­
ganese concentration in the tops from the treatment that received 100
ppm of calcium and a gradual decrease with the following calcium rates
which tended to inhibit the manganese concentration in the tops (Table
XXIX). The manganese concentration in the tops from the Providence soil 
followed a more uniform pattern for the two growing periods than was 
found for the plants grown in the Stough soil. In the Providence soil, 
100 ppm of calcium reduced the manganese concentration in the tops as 
compared to the control values. The effect of the 200 ppm of calcium 
treatment was also different from that of the preceding rates, and the 
lowest manganese concentration was reached in the samples from the 400 
ppm of calcium treatment (Table XXIX). The manganese concentration in 
the tops from the Providence soil was several times greater than that 
from the Stough Soil (Table XXIX). Both soils produced roots in the 
control plots with a higher manganese concentration than in those from 
the rest of the treatments, but 100 ppm of calcium diminished the man­
ganese concentration of the corresponding roots to a level that was 
not further influenced by the higher rates of calcium application 
(Table XXIX) .
TABLE XXIX
The Effect of the Application of Calcium Acetate to a Stough Very Fine Sandy Loam and a
Providence Silt Loam Soil on the Manganese Concentration in the Tops
and Fleshy Roots of Sweet Potatoes*
Stough. Soil Providence Soil
Manganese - ppm Manganese - ppm














0 ppm of Calcium 139 118 24 1,496 , 1,640 42
100 ppm of Calcium 140 72 8 1,135 1,186 19
200 ppm of Calcium 144 62 6 798 695 17
400 ppm of Calcium 120 55 6 629 532 12
ISD 57. 23 21 3 272 337 8
LSD 17. 33 31 4 391 485 11
♦Planted on February 1 after treatments were applied on January 19, 1971.
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Magnesium Concentration
The data presented In Table XXX indicate that under the condi­
tions of this experiment the magnesium concentration in the tops and 
fleshy roots were not influenced by the different rates of calcium ace­
tate applied to these soils ( Table XXX). The results are consistent 
for the samples from the two harvests and the two soils (Table XXX) .
The magnesium concentration in the roots was several times greater 
than the calcium concentration in the same roots, but the opposite was 
generally true in the plant tops vhere the calcium concentration was 
higher than the magnesium concentration (Tables XXVIII and XXX).
Potassium Concentration
The potassium concentration in the tops of the samples harvested 
in March was not influenced by the calcium treatments applied to the 
soils (Table XXXI) . Similar results were obtained with potassium con­
centration in the tops from the Providence soil treatments harvested 
in June (Table XXXI) . However, the addition of 100 ppm of calcium to 
the Stough soil was sufficient to decrease the potassium content in the 
plant tops, while higiher rates of calcium did not have any further ef­
fect (Table XXXI) . The concentration of potassium in the fleshy roots 
from the Stough soil was low in the control samples and high in the 
samples from the 400 ppm of calcium treatment (Table XXXI) . The potas­
sium concentration in the roots from the control was lower than that 
from the 200 and 400 ppm of calcium treatments, but it was not different 
from the potassium concentration in the 100 ppm of calcium rate samples 
(Table XXXI). The fleshy roots harvested from the Providence soil
TABLE XXX
The Effect of the Application of Calcium Acetate to a Stough Very Fine Sandy Loam and a
Providence Silt Loam Soil on the Magnesium Concentration in the Tops
and Fleshy Roots of Sweet Potatoes*
Treatment
Stough Soil Providence Soil
Magnesium - ppm Magnesium - ppm













0 ppm of Calcium 3,110 4,685 435 5,660 5,230 488
100 ppm of Calcium 3,390 5,100 456 5,185 5,848 478
200 ppm of Calcium 3,360 4,860 410 5,445 4,970 450
400 ppm of Calcium 3,395 4,455 373 5,755 5,315 445
F Value NS NS NS NS . NS NS
♦Planted on February 1 after treatments were applied on January 19, 1971.
TABLE XXXI
Hie Effect of the Application of Calcium Acetate to a Stough Very Fine Sandy Loam and a
Providence Silt Loam Soil on the Potassium Concentration in the Tops
and Fleshy Roots of Sweet Potatoes*
Treatment
Stough Soil Providence Soil
Potassium - ppm Potassium - ppm













0 ppm of Calcium 11,000 13,500 6,395 10,150 7,525 8,725
100 ppm of Calcium 11,550 7,225 7,085 10,325 7,325 8,533
- i  J . -  -  - -
200 ppm of Calcium 11,475 7,675 7,415 9,875 8,125 8,365
400 ppm of Calcium 11,050 7,230 7,423 9,575 7,775 8,270
ISD 5% NS 1,211 768 NS 1,211 768
LSD 1% 1,647 1,045 1,647 1,045
♦Planted on February 1 after treatments were applied on January 19, 1971.
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failed to show any differences in the potassium concentration due to 
different calcium levels applied to the soil (Table XXXI). The potas­
sium concentrations in the tops and fleshy roots did not vary as much 
as those for calcium and magnesium (Tables XXXI, XXX and XXVIII). As 
was pointed out earlier, the calcium and magnesium concentrations in 
the tops of sweet potatoes were several times greater than that in the 
fleshy roots (Tables XXVIII and XXX).
Phosphorus Concentration
It is apparent from the data in Table XXXII that the calcium 
treatments did not influence the phosphorus concentration in the plant 
tops. The results are uniform and constant for both soils on the two 
harvest dates (Table XXXII). The results for the phosphorus concen­
tration in the roots were inconsistent for the two soils (Table XXXII) . 
In the Stough soil, the 100 ppm of calcium treatment produced roots with 
a phosphorus concentration value different from that for the roots from 
the 400 ppm of calcium and control treatments but not from the 200 ppm 
of calcium treatment (Table XXXII) . The roots from the Providence soil 
showed that the 400 ppm of calcium treatment was more effective in in­
creasing the phosphorus concentration in the roots than the no-calcium 
treatment or the 200 ppm of calcium rate (Table XXXII) .
Soil Reaction
There was a difference of 0.4 of a pH unit between the control 
and the 400 ppm of calcium treatment for both soils at the two sampling 
dates (Tables XXXIII and XXXIV). The calcium acetate applications in­
creased the pH of the soil only slightly, but the statistical value
TABLE XXXII
The Effect' of the Application of Calcium Acetate to a Stough Very Fine Sandy Loam and a
Providence Silt Loam Soil on the Phosphorus Concentration in the Tops
and Fleshy Roots of Sweet Potatoes*
Stough Soil Providence Soil
Phosphorus - ppm Phosphorus - ppm














0 ppm of Calcium 1,470 1,710 675 1,510 1,193 852
100 ppm of Calcium 1,565 1,958 895 1,605 1,418 913
200 ppm of Calcium 1,548 1,875 865 1,498 1,290 752
400 ppm of Calcium 1,475 1,785 771 1,515 1,425 968
LSD 5% NS NS 102 NS NS 102
LSD 1% 139 139
♦Planted on February 1 after treatments were applied on January 19, 1971.
TABLE XXXIII
The Effect of the Application of Calcium Acetate to a Stough Very Fine Sandy Loam and a 
Providence Silt Loam Soil on the Soil Reaction and the Extractable Calcium, 






Ca Mg K Mn Ca Mg __ K Mn
0 ppm of Calcium 4.2 5 35 48 1.5 4.9 210 99 56 64
100 ppm of Calcium 4.2 15 43 36 1.0 5.1 331 88 54 58
200 ppm of Calcium 4.4 56 38 32 1.0 5.1 417 102 57 56
400 ppm of Calcium 4.6 220 46 46 .9 5.3 550 105 63 48
LSD 57. .12 10 NS 13 .5 .12 32 NS 13 9
LSD 17. .16 14 17 .7 .16 46 17 12
♦Treatments applied on January 19, 1971.
TABLE XXXIV
The Effect of the Application of Calcium Acetate to a Stough Very Fine Sandy Loam and a 
Providence Silt Loam Soil on the Soil Reaction, and the Extractable Calcium, 






Ca Mg K Mn Ca Mg K Mn
0 ppm of Calcium 4.1 5 26 64 1.0 4.8 212 65 47 42
100 ppm of Calcium 4.2 22 22 37 .8 4.9 350 71 49 41
200 ppm of Calcium 4.3 66 20 34 .9 5.0 424 67 43 37
400 ppm of Calcium 4.5 213 20 28 .3 5.2 665 68 44 26
LSD 57. .08 7 NS 11 .4 .08 36 NS 11 7
LSD 17. .11 10 16 .6 .11 52 16 11
*Treatments applied on January 19, 1971.
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required for significance at the 5 percent level of probability was so 
small that treatment effects differing only by 0.1 pH unit had to be 
considered significantly different (Tables XXXIII and XXXIV). The 
samples from the control and the 100 ppm of calcium treatments of the 
Stough soil and the 100 ppm of calcium and:-2Q& .ppmv<5f calcium treat­
ments of the Providence soil were not significantly different from 
each other (Tables XXXIII and XXXIV) . It is questionable whether only 
a 0.1 pH unit variation is of sufficient magnitude, regardless of satis­
fying the statistical value required for significance, to be of any 
practical value when arriving at conclusions about differences in soil 
pH due to treatment.
Extractable Soil Calcium
Extractable soil calcium was increased proportionally with in­
creasing rates of calcium acetate applied to the soils (Tables XXXIII 
and XXXIV). All calcium treatments resulted in a uniform increase in 
extractable soil calcium for both soils at both sampling dates (Tables 
XXXIII and XXXIV). The amounts of calcium extracted from the Providence 
soil for all treatments were several times greater than that from the 
Stough soil (Tables XXXIII and XXXIV).
Extractable Soil Magnesium
Tables XXXIII and XXXIV show that extractable magnesium was not 
influenced by the calcium treatments applied to the soils.
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Extractable Soil Potassium
The data in Tables XXXIII and XXXIV Indicate that the results 
obtained for extractable potassium in the Stough soil were not consis­
tent for the two sampling dates. The highest concentration of extrac­
table potassium was determined in the sample from the control treatment 
for the March sampling date, the values being further decreased by the 
addition of 200 ppm of calcium but unaffected by the other calcium rates 
employed (Table XXXIII). The 100 ppm of calcium treatment decreased 
the extractable potassium in the Stough soil to such a level that the 
rest of the calcium treatments showed no significant difference among 
them (Table XXXIV). Extractable*soil potassium was not influenced by 
the calcium treatments applied to the Providence soil, and the results 
were consistent for both sampling dates (Tables XXXIII and XXXIV).
Extractable Soil Manganese
The concentration of extractable manganese in the Stough soil 
was relatively very low. Increasing the calcium concentration in the 
soil tended to decrease the extractable manganese in both soils (Tables 
XXXIII and XXXIV). The Providence soil which contained several times 
the amount of native manganese found in the Stough soil was also af­
fected by the calcium treatments (Tables XXXIII and XXXIV). In the 
March samples from the Stough soil the control sample had more extrac­
table manganese than that of the rest of the treatments which were 
different from the control but not from each other (Table XXXIII).
The samples from the 400 ppm of calcium treatment were significantly
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lower In extractable manganese than those from the rest of the treat­
ments of the Stough soil on the June sampling date (Table XXXIV). Ex- 
tractable manganese concentrations were unaffected by the Increasing 
calcium rates in the Providence soil until the 400 ppm calcium rate 
was reached, and the extractable manganese in this treatment was re­
duced significantly (Tables XXXIII and XXXIV).
Correlations
Extractable soil calcium showed a consistently high correlation 
with dry weight of the tops, calcium concentration in the tops, total 
calcium content in the tops, and soil pH (Tables XXXV, XXXVI, and 
XXXVII). The calcium concentration in the roots was associated with 
extractable soil calcium, but the relationship was not as strong as it 
was between extractable soil calcium and the calcium concentration in 
the tops (Table XXXVI). A slightly closer association was found be­
tween the calcium concentration in the tops and the calcium concentra­
tion in the roots (Tables XXXV and XXXVI) . The fresh and oven-dry 
weights of the fleshy roots were not related to the extractable soil 
calcium (Tables XXXV and XXXVI) . The combined amounts of calcium found 
in the tops for both harvests is referred to as total calcium in the 
tops. The combined amounts of calcium found in the tops and roots is 
referred to as total calcium in the roots and tops. Both plant vari­
ables were correlated with extractable soil calcium, giving high cor­
relation coefficient values which indicate that extractable soil calcium 
was also related to the total calcium contained in the tops and roots 
(Tables XXXV and XXXVI).
TABLE XXXV
The Relationship Between Extractable Soil Calcium and Various Plant Responses,
Extractable Soil Calcium*- and Soil pH,*- and Calcium Concentrations in the
Tops and Calcium Concentration in the Roots
Variables r Value
Extractable Soil Calcium with Dry Weight of the Tops^ 0.86
qExtractable Soil Calcium with Fresh Weight of the Roots 0.22
Extractable Soil Calcium with Dry Weight of the Roots^ 0.24
Extractable Soil Calcium with Calcium Concentration in the Tops^ 0.89
Extractable Soil Calcium with Total Amount of Calcium in the Tops^ 0.91
Extractable Soil Calcium with Soil pH 0.92
Calcium Concentration in the Tops^ with Calcium Concentration in the Roots^ 0.64
r Value required for significance at the 5% level of probability 0.35
r Value required for significance at the 1%  level of probability 0.45
^Determined in March, 1970.
^Sampled in March, 1970.
^Harvested in June, 1970.
TABLE XXXVI
The Relationship^- Between Extractable Soil Calcium and Various Plant Responses,
Extractable Soil Calcium and Soil pH, and Calcium Concentration
in the Tops and Calcium Concentration in the Roots
Variables r Value
Extractable Soil Calcium with Dry Weight of the Tops 0.85
Extractable Soil Calcium with Fresh Weight of the Roots 0.30
Extractable Soil Calcium with Dry Weight of the Roots 0.26
Extractable Soil Calcium with Calcium Concentration in the Tops 0.95
Extractable Soil Calcium with Total Amount of Calcium in the Tops 0.86
Extractable Soil Calcium with Total Amount of Calcium in the Tops and Roots 0.52
Extractable Soil Calcium with Calcium Concentration in the Roots 0.42
Extractable Soil Calcium with Soil pH 0.94
Calcium Concentration in the Tops with Calcium Concentration in the Roots 0.55
r Value required for significance at the 5% level of probability 
r Value required for significance at the 1% level of probability
0.35
0.45
•̂All soil and plant samples taken in June, 1970.
TABLE XXXVII
The Over-all Relationship^ Between Extractable Soil Calcium and Various Plant Responses
and the Relationship^- Between the Calcium Concentration in the Tops
and Various Plant Responses
Variables___________________________________________________________________________________r Value
Extractable Soil Calcium with Dry Weight of the Tops 0.83
Extractable Soil Calcium with Calcium Concentration in the Tops 0.91
Extractable Soil Calcium with Total Amount of Calcium in the Tops 0.93
Calcium Concentration in the Tops with Magnesium Concentration in the Tops 0.37
Calcium Concentration in the Tops with Potassium Concentration in the Tops -0.67
Calcium Concentration in the Tops with Phosphorus Concentration in the Tops -0.23
Calcium Concentration in the Tops with Manganese Concentration in the Tops -0.30
r Value required for significance at the 5% level of probability 0.25
r Value required for significance at the 1% level of probability 0.33
^Includes all soil and plant samples taken.
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The correlations between the calcium concentration in the tops 
and the concentrations of magnesium, potassium, phosphorus, and man­
ganese for the two crops are presented in Table XXXVII. Hie effect 
of the concentration of calcium in the tops is reflected in potassium 
concentration which was decreased proportionally (Table XXXVII). Hie 
phosphorus and manganese concentrations were also negatively related 
to the calcium concentration in the tops but not as closely as it was 
with potassium (Table XXXVII) . The magnesium concentration in the tops 
was positively related to the calcium concentration in the tops, but 
the correlation was not very high (Table XXXVII).
DISCUSSION OF RESULTS
Field Experiment
Vegetable crop plants vary In the amount of soil moisture re­
quired during the growing season. The sweet potato plant moisture re­
quirement for optimum yield of fleshy roots has been studied under 
different soil conditions. Jones (32) reported that sweet potato plants 
growing in field bins filled with Norfolk sandy loam soil produced as 
high a yield when the plants were irrigated after the available soil 
moisture fell to 20 percent of the total available capacity as did those 
irrigated at higher levels of soil moisture. Lana and Peterson (35) 
recommended that sweet potatoes be irrigated when the available soil 
moisture fell to about 50 percent. Hernandez et al. (25) concluded 
that in a Richland silt loam soil a 50 percent or higher available mois­
ture content is desirable until the vines cover the ground but that a 
better storage root yield is obtained when the soil moisture level is 
kept at 25 to 40 percent available moisture after the storage roots 
have been set.
Rainfall at the experimental site during the growing seasons of 
1969 and 1970 provided almost enough soil moisture, and only a minimum 
amount of irrigation was needed to keep the available soil moisture 
from falling below the levels recommended by Hernandez et al. (25). 
However, excessive rains during part of the growing season kept the 
soil at a higher moisture content than was desired. As a result, ex­
cessive vine growth apparently was produced in all of the plots
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situated in the blocks with a relatively high water holding capacity. 
Certain differences were noted between the storage roots produced in 
the drier blocks and those produced in the blocks with excessive soil 
moisture. The storage roots produced on the drier soil apparently 
were shorter, more uniform in shape, more numerous per hill but smaller 
in size, had a smoother skin texture and a slightly higher dry matter 
content than the roots produced on the wet soil. Similar results were 
reported by Hernandez et al. (25) for sweet potato storage roots pro­
duced on a Richland silt loam soil at different soil moisture levels.
The total weights of the storage roots for all treatments combined in 
each block were similar among blocks.
The sweet potato plant, like any other higher plant, requires a 
certain amount of calcium for normal growth. However, plants may show 
differences in mineral nutrition patterns even when growing on soils 
with the same fertilizer treatments. Some plants may absorb more of 
a certain element than other.'plants. For example, cotton plants grown 
under similar conditions as wheat, accumulated as much as 20 times more 
calcium and about 8 times less silicon than wheat plants did (14). The 
same experiment also showed that wheat yield was favored by a relatively 
large amount of exchangeable calcium in the soil, even though a large 
amount of calcium was not absorbed by the wheat plants. Truog (56) 
considers that acid-tolerant plants are characterized by relatively 
low calcium content. The sweet potato plant, which is considered an 
acid-tolerant plant, was found to have a low calcium content as com­
pared with other plants (11).
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In this study, the field experiment yield data and chemical 
analysis of the plant tissue for the two years indicate that the ori­
ginal amount of calcium in the soil was sufficient to fulfill the cal­
cium requirements of the sweet potato crop grown under the conditions 
of this experiment. Hie specific soil used in this experiment was 
selected on purpose, being a commonly-used sweet potato soil that con­
tained a lower than average native calcium content (240 ppm). In this 
connection, Jones (42) conducted field experiments for several years on 
a Calhoun silt loam soil using different sources of nitrogen, phosphorus, 
and potassium in the fertilizer. The phosphorus carriers used were tri­
calcium phosphate, normal superphosphate, triple superphosphate, and 
ammonium phosphate. His results showed that the levels of available 
calcium in the soil was increased by some of the treatments, but no 
significant differences in yield were found between the ammonium phos­
phate (no-calcium) treatment and the other phosphate fertilizers con­
taining calcium (42).
It appears that the calcium contained in the superphosphate- 
bearing fertilizers applied at the rates recommended for sweet potato 
soils in Louisiana is probably sufficient to replace the amounts of 
calcium removed by this crop. Scott and Ogle (50) arrived at a simi­
lar conclusion when studying the mineral uptake by the sweet potato 
plant in field experiments conducted in Maryland.
In the present study, the application of different calcium salts 
to the soil did not influence the yield of storage roots or the calcium 
concentration in the leaves or roots. There were no significant
differences among leaf or root calcium concentration values. Leaf 
Number T-10 had less calcium than Leaf Number T-17. This is illus­
trated by the preliminary data presented in Table IV. It showed that 
the calcium content of the sweet potato leaves increased with age of 
the leaf. The same is true for many other plants in which calcium accu­
mulates more in the mature leaves than in the younger ones (11). The 
calcium concentration in the roots was several times lower than that 
found in the leaves. This indicates that the storage roots of sweet 
potatoes do not accumulate as much calcium as they do of some of the 
other elements, such as potassium and phosphorus. A sweet potato crop 
that yields 400 bushels per acre would remove approximately 2 to 4 
pounds of calcium per acre, according to the calcium concentration 
values (average) found in this experiment. On the same basis, the same 
crop would remove approximately. 8 pounds of phosphorus and 66 pounds of 
potassium per acre. These results point out that greater amounts of 
phosphorus and potassium must be added to the soil as compared to cal­
cium, in order to maintain an adequate nutrient balance in the soil for 
good sweet potato production. This also agrees with Truog's concept 
(56) that acid-tolerant plants do not require much calcium.
Firmness of the canned roots was not affected by the calcium 
treatments applied to the soil. However, there was a weak negative re­
lationship that was inconsistent for both years between firmness of the 
canned roots and the concentration of phosphorus or potassium in the 
roots. The concentration of phosphorus and potassium in the roots were 
influenced by the calcium treatments, but different amounts of these
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elements In the roots did not affect their firmness. Dry matter was 
positively related to firmness of the canned roots. Hie manganese 
content of the roots also varied significantly, but it was not associ­
ated with the firmness of the canned roots. Firmness of the canned 
roots was investigated in this experiment because some researchers 
have reported that calcium has been effective in increasing the firm­
ness of some canned products (33) (51). The results of this experiment 
show that there was no relationship between firmness of the canned 
roots and their calcium concentration. However, the possible involve­
ment of calcium in firmness of the canned roots could not be ascertained 
in this experiment because there were no differences among firmness 
values, and the calcium content of the roots for all treatments was 
also similar. It would have been necessary to work with roots that 
contained different amounts of calcium in order to determine whether 
this element had any effect on the firmness of the roots.
The calcium salts added to the soil increased the levels of ex- 
tractable calcium. Also, the calcium carbonate treatments increased 
the soil pH. Gypsum, calcium chloride, or the treatments including 
superphosphate had little effect on soil pH. There was a highly signi­
ficant positive correlation between extractable soil calcium and soil 
pH; however, the increase in extraotable soil calcium was not definitely 
reflected in the calcium concentration found in the plant tissue. There 
was some indication of a relationship between the calcium concentration 
in the leaves and the amount of calcium extracted from the soil. The 
calcium concentration in the roots was independent of soil pH. The
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yield of storage roots was not affected by calcium per se as a plant 
nutrient or by the secondary effect manifested as an increase in soil 
pH.
A secondary effect of increasing the soil pH in this experiment 
was to diminish the amount of extractable soil manganese. At the same 
time, the manganese concentration was reduced considerably in the plant 
tissue produced on the plots with a high pH. Cannon (9) found that the 
concentration of manganese in the leaves of sweet potatoes was signi­
ficantly reduced by calcium carbonate applied as an amendment to an 
Olivier silt loam soil high in native manganese while it reached tox­
icity levels when the soil was acidified with elemental sulfur.
In the present study, manganese was the element most consistently 
influenced by the calcium treatments applied to the soil. Although man­
ganese was not applied in any of the treatments, the experimental soil 
contained high levels of native manganese which were indirectly influ­
enced by the calcium salts. The calcium chloride salts applied in some 
of the treatments evidently had the property of making manganese com­
pounds in the soil more available to the plant. This effect was mani­
fested in a consistent increase in the manganese concentration found 
in the leaves and fleshy roots from the calcium chloride treatments. 
Furthermore, extractable manganese tended to be higher in the calcium 
chloride treated plots, but the differences were not large enough to be 
significant. The question then arises as how a neutral salt like cal­
cium chloride can affect the availability of native soil manganese. 
Morris (44) reported that the application of gypsum to an acid soil
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high in. native manganese increased the water-soluble manganese in the 
soil and induced manganese toxicity of lespedeza plants. He attributed 
the increase in manganese solubility to a slight decrease in soil pH 
due to the application of gypsum. Jackson et al. (30 ) found that po­
tassium chloride applications increased the manganese content of sweet 
corn, but potassium sulfate or carbonate did not affect the manganese 
content of the plant. Results from the same authors showed that both 
potassium chloride and calcium chloride had similar effect on bush beans 
grown in the greenhouse - a marked increase in the uptake of manganese 
due to the chloride in the absence of lime. Hamilton (23) found that 
the manganese content of oats that received ammonium chloride applica­
tions was higher than that in plants that received ammonium sulfate.
He concluded that the residual acidity from the ammonium chloride was 
slightly smaller than that for ammonium sulfate, so it appeared more 
probable that there was some relation between high fertilizer chloride 
concentration and the greater uptake of manganese. The limited results 
obtained in this experiment that was not designed to study manganese, 
are in agreement with Hamilton's conclusion. Evidently, there was an 
association between the chloride applied as calcium chloride and the 
increase found in soil manganese solubility and the uptake of this ele­
ment by the plant. These results cannot be attributed to a decrease in 
soil pH because there were no differences in soil pH values between the 
gypsum and calcium chloride treatments while there were great differences 
in manganese uptake between them. In fact, some of the gypsum treatments
had a slightly lower soil pH value than that of the calcium chloride 
treatments but still produced plants with a lower manganese concentra­
tion. Also, the manganese concentration in the leaves and roots from 
the no-calcium treatment that received potassium sulfate as a source 
of potassium tended to be lower than that from the no-calcium treatment 
that received potassium as potassium chloride. However, the differences 
were not significant with the exception of Leaf Number T-10 sampled in 
August of the second year which proved to be significantly different 
in manganese concentration. It should be pointed out that the small 
increase in manganese uptake produced by the potassium chloride appli­
cation is too small to be considered important in having harmful ef­
fects on the plant, in view of the levels of manganese concentration 
at which toxicity symptoms are produced (9). It is interesting to 
note that the sweet potato plant was more sensitive to the small changes 
in manganese availability in the soil than it was to the differences in 
the calcium content of the soil. It illustrates again the well-general­
ized principle that plants react differently to each nutrient element.
Magnesium was not affected by the application of calcium salts 
to the soil. Leonard et al. (39) found that increasing the calcium 
concentration in the nutrient solution depressed markedly the magnesium 
concentration in the leaves and that calcium exerted a greater competi­
tive effect against magnesium than against potassium. In this study, 
the results obtained under field conditions showed that the concentra­
tion of magnesium in the leaves or roots was not influenced by calcium 
applications. Probably, the amount of magnesium in the soil was large
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enough to maintain a proper balance between calcium and magnesium and 
thus avoid the competitive effects of calcium. However, the calcium 
carbonate treatments which increased the pH of the soil tended to in­
crease the amount of extractable magnesium. Regardless of the soil 
having a higher concentration of calcium, magnesium was found in greater 
concentration than calcium in the fleshy roots. The opposite was true 
in the leaves where the calcium concentration was higher than the mag­
nesium concentration. Increases in the magnesium concentration in the 
roots appeared to be associated with concurrent decreases of calcium 
and dry matter in the roots.
The relatively high uptake of potassium by the plant leaves was 
not affected by the calcium treatments applied to the soil. It appears 
that calcium did not impede potassium uptake by the plants by the 
plants. In some cases, the potassium content of the fleshy roots was 
significantly influenced by the calcium treatments, but the results 
were inconsistent for both years, and there was no definite trend in 
potassium uptake by the roots. The sweet potato plants accumulated 
more potassium in their leaves and roots than any of the other elements 
studied in this experiment. Extractable soil potassium appeared to have 
a negative relationship with total yield and the calcium concentration 
in the roots, but no association existed between extractable soil potas­
sium and extractable soil calcium. On the other hand, the accumulation 
of potassium in the roots was related negatively to the percent dry mat­
ter but positively to the calcium concentration in the roots. Duncan et 
al. (16) also found that the dry matter of the storage roots decreased
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with increased rates of potassium fertilization in all cases. Further­
more, Cannon (8) reported that the percentage of dry matter in the roots 
was negatively correlated with potassium applications.
The phosphorus concentration in the leaves was uniform for all 
treatments. The roots showed some inconsistent differences in phos­
phorus concentration. Three different sources of phosphorus applied 
at the same rate were used in the experiment. Neither the yield of 
storage roots nor phosphorus uptake by the leaves was influenced by the 
different sources of phosphorus. The phosphate carriers studied appear 
to be adequate phosphorus sources for the sweet potato plant. Jones 
(42) found that four different phosphate carriers applied at the same 
rate produced similar yields of sweet potato storage roots. In the 
present study, phosphorus concentration in the fleshy roots was second 
only to potassium, exceeding that of calcium, magnesium or manganese.
The phosphorus concentration in the roots was found to be positively 
correlated with the calcium concentration in the roots, but it was nega­
tively associated with the percent dry matter.
In considering the values for all of the treatments, in general, 
it appeared that the calcium treatments did not have much influence on 
the calcium, magnesium, potassium or phosphorus uptake by the plants. 
Manganese was affected by what appeared to be an effect of the accompany­
ing anion in the calcium chloride salt.
No competitive effects among the nutrients studied as to accumu­
lation by the plant was detected in this experiment.
The amounts of nutrients in the soil was not proportional to the 
amount of nutrients accumulated in the plant. Hie element contained at
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the highest concentration In the leaves was potassium, followed In 
descending order by calcium, magnesium, phosphorus, and manganese. In 
the fleshy roots, potassium was again the highest, followed by phos­
phorus, magnesium, calcium, and manganese. Calcium was the most abun* 
dant extractable cation in the soil followed by potassium, magnesium 
and manganese. In some cases extractable manganese was higher than ex­
tractable magnesium.
Greenhouse Experiment
The results obtained in the field experiment showed that the 
sweet potato plant is not very demanding as to calcium supply in the 
soil and does not require as large amounts of this element as some other 
crop plants. The main reason for conducting the greenhouse experiment 
was to study the behavior of the sweet potato plant under more restric­
ted calcium supply conditions than that in the field experiment.
The Stough soil, though not used for sweet potato production in 
Louisiana, provided a growing medium very low in nutrients with physical 
and chemical characteristics that would allow plant growth and the for­
mation of fleshy roots under conditions more similar to field conditions 
than would be obtained with a pure sand medium. The Providence soil, 
which is commonly used for sweet potato production, represented a soil 
with a higher calcium content than the Stough but with a lower than 
average calcium content when compared to other Mississippi River Ter­
race soils in Louisiana (6). Setting three plants in each pot with a 
relatively small volume of soil and cutting the tops off and allowing 
the plants to make second growth should have accentuated the need of
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the plants for calcium, especially In the second growth. Calcium ace­
tate, used as a source of calcium, Is very soluble In water, but ap­
parently this salt applied at the selected concentrations did not 
Injure the plants.
The plants growing on the Stough soil showed a definite response 
to the calcium application. The growth of the plants and the calcium 
concentration In the tops were Increased proportionally to the level 
of calcium applied to the soil. Also, there was a response to calcium 
illustrated in the yield values and the calcium accumulation by the 
fleshy roots. There was a slight increase in the pH of the soil with 
increasing calcium rates that may tend to mask the response of the 
plants to calcium. However, the variations in pH were small, and a 
difference of only 0.1 pH unit was all that was required to be statis­
tically significant at the 5 percent level of probability. The con­
trol and the 100 ppm of calcium treatments of the Stough soil had the 
same pH value at the first sampling date; however, the differences be­
tween them in plant growth and fleshy root production were highly sig­
nificant. Evidently, there was an influence of calcium acting as a 
nutrient in this case. When comparing the soil pH of the control 
treatment with the pH of the highest calcium treatment, the difference 
in soil acidity was large to have some influence on the differences ob­
tained between those treatments that might mask the effect of calcium 
acting as a nutrient. When the application of a calcium salt to the 
soil produces a change in pH, the interpretation of the results is com­
plicated by the secondary effects that a change in pH causes in the
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soil. However, the increase in calcium uptake and growth produced by 
each increase in calcium supply indicates that the plants needed calcium 
as a nutrient.
The production of fleshy roots on the Stough soil was Increased 
approximately six times by the addition of 100 ppm of calcium. The per­
cent dry matter of the roots was not affected by calcium supply. The 
higher rates of calcium (above 100 ppm) did not affect root production 
further.
Greig and Smith (21) reported that the addition of calcium to a 
Sarpy fine sandy loam soil in a greenhouse experiment did not affect 
the weight of the plant material but did stimulate fleshy root forma­
tion. Leonard et al. (38) found that calcium or magnesium deficiency 
in sand culture may result in a marked suppression in the growth of 
sweet potato storage roots without appreciably affecting the growth of 
the vines. Their results and those obtained in this experiment empha­
sized the importance of calcium in stimulating storage root production.
The Providence soil, with a considerably higher native calcium 
content than the Stough soil, did not show a pronounced and consistent 
response to calcium as did the Stough soil. Probably plants growing on 
this same soil under field conditions where the roots could exploit a 
larger volume of soil would not show any appreciable response to calcium, 
as occurred with the soil used in the greenhouse experiment.
The amount of dry weight produced by the plants growing on the 
Providence soil reflects the higher fertility level of this soil as 
compared to the Stough soil. The total growth of the plants for all 
treatments decreased on both soils after the first harvest, but the re­
sponse to calcium was proportionally the same as for the first crop.
The difference In native calcium content between the two soils was 
reflected in the growth and yield of fleshy roots produced in the 
control treatments, which was proportionally higher on the Providence 
soil. However, the yield of fleshy roots from the calcium-treated 
plots w, as similar on the two soil. This implies that the amount of 
calcium applied to the soils was sufficient to satisfy the calcium re­
quirement of the plant for storage root production under the conditions 
of this experiment. After the critical level of calcium required by 
the plant for fleshy root production was satisfied, the greater amount 
in native calcium contained in the Providence soil did not have any 
advantage over that in the Stough soil, and higher yields were not pro­
duced on the Providence soil. In this regard, Ulrich (57) defined the 
"critical nutrient level" as "that range of concentrations at which 
the growth of the plant is restricted in comparison to that of plants 
at a higher nutrient level." He considers that a growth response by 
plants from the addition of a nutrient to the soil will depend upon 
whether the nutrient concentrations of the plants are above or below 
the critical level. When the nutrient concentrations of the plants 
are above the critical level during the entire growing period, there 
is very little chance of a response in growth from addition of nutri­
ents (57). These concepts proposed by Ulrich (57) can be applied in 
the present study to the greenhouse and field experimental results.
The plants in the field experiment did not show response to calcium 
applications so the level of this element was always above the critical 
level. Bolle-Jones and Ismunadji (3) as well as Spence and Ahmad (53)
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consider that 0.2 percent calcium concentration in the tops is the level 
below which calcium deficiency symptoms will appear in the sweet potato 
plant. In this study, the greenhouse results show that all of the plants 
from the Providence soil had a calcium concentration well above the de­
ficiency level, and consequently plant growth differences were not pre­
sent. On the other hand, the plants from the Stough soil showed a 
calcium concentration below the critical level and growth response to 
the calcium application was very pronounced.
The calcium concentration in the tops of the plants from the two 
soils appeared to be slightly higher in the second crop than in the first 
crop. This difference in concentration may be due to a dilution effect 
of the cation by the greater growth produced during the first crop.
The high correlation values sometimes found indicate that in 
some cases there was a close relationship between the plant variables 
studied in this experiment. There was a highly significant correlation 
between the extractable soil calcium and the weight of the plant tops. 
This reflects the proportional increases in growth with increasing 
rates of calcium application. Hie uptake of calcium by the tops also 
proved to be closely associated with the extractable soil calcium.
There was a positive relationship between extractable soil calcium 
and soil pH, between the calcium concentration in the roots and calcium 
in the soil, and between calcium in the soil and total calcium taken up 
by the roots. However, the weight of the roots showed no relationship 
with extractable soil calcium. This lone association is shown in the 
yield data which indicate that only one of the calcium treatments had
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any effect in Increasing root production while the calcium levels in 
the soil increased in geometric progression. Hie calcium concentration 
in the tops was associated with the calcium concentration in the roots, 
but it was not a very strong relationship. Leonard and Anderson (37), 
in studying the relationships among the nutrients contained in the 
different parts of sweet potato plants, found that total nitrogen, 
phosphorus, and potassium in the leaves gave a high correlation with 
the respective elements in the roots, but very little association was 
found between the calcium or magnesium concentration in the leaves and 
the calcium or magnesium concentration in the roots.
The manganese concentration in the tops was reduced progressively 
by increasing rates of calcium acetate application. The plants from 
the control treatments contained the highest manganese concentration.
The Providence soil is relatively high in native manganese; consequently, 
it produced plants with higher manganese concentration than those from 
the Stough soil. The manganese concentration in the tops from the con­
trol treatment of the Providence soil was approximately ten times 
higher than that of the Stough'soil.. Furthermore, the amount of extrac­
table manganese in the no-calcium treatment from the Providence soil 
was about 40 times that extracted from .the no-calcium treatment of the 
Stough soil. Hie concentration of manganese found in the tops of the 
plants of the second crop from the Stough soil was about one half the 
concentration found in the first crop. On the other hand, plants from 
the Providence soil had similar manganese concentrations in both crops. 
These results indicate that probably the manganese reserve in the Stough
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soli was reduced In quantity by the amounts removed In the tops of the 
first crop. The reserve of manganese In the Providence soil was higher 
and the level was not appreciably affected by the amount removed in 
the tops of the first crop.
There was a weak negative relationship between the calcium con­
centration in the tops and the manganese concentration in the tops.
The magnesium concentration in the tops or roots did not show 
any effect due to calcium application. Probably, the level of magne­
sium in the soil was high enough to override any competitive effect of 
the calcium ion. The no-competltion effect was also manifested in the 
weak positive relationship between the calcium and magnesium concentra­
tions in the tops.
Potassium was the nutrient element found to be present in high­
est concentrations in the plant tissue among the elements studied in 
this experiment. The results indicate that potassium was negatively 
affected in some w<ays by the calcium treatments. There was a highly 
significant negative relationship between the calcium concentration 
and the potassium concentration in the tops. Thus, calcium tended to 
exclude potassium from the tops. The highest concentration of potassium 
was found in the plants from the control treatments where the concentra­
tion of calcium was always at its lowest. The results imply that there 
was a suppressing effect exerted by calcium upon potassium. Further­
more, the potassium concentration of the tops from all the treatments 
of the Stough soil was higher than that from the Providence soil. At 
the same time, these same samples were slightly lower in calcium
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concentration, which might also suggest the competition between the 
cations. The potassium concentration In the fleshy roots from the 
Providence soil was higher than that from the Stough soil, which indi­
cates that in the fleshy roots there was not much competition between 
calcium and potassium. Iwai and Ikegaya (28) observed that when the 
calcium saturation of the soil was increased in a greenhouse experi­
ment the concentration of calcium in the sweet potato plants increased, 
but the potassium concentration was decreased. Cannon (8) found that 
the calcium and magnesium contents of the roots were influenced very 
little by potassium applications in a field experiment on Olivier silt 
loam soil.
The phosphorus concentration in the plant tops was not influenced 
by the calcium treatments used. The correlation value obtained indicates 
that there was no relationship between the calcium concentration in the 
tops and the phosphorus concentration in the tops. It appears that the 
concentrations of calcium and phosphorus were independent from each other. 
Even when calcium was deficient in the tops from the control treatment of 
the Stough soil, the concentration of phosphorus in this treatment vas simi­
lar to that of the rest of the treatments. This shows that the plant 
tops did not contain any more phosphorus when the calcium concentration 
was low than they did irtien the calcium concentration was high. The 
fleshy roots contained several times more phosphorus than calcium, and 
they were inconsistently affected by calcium. The calcium applications 
tended to increase the phosphorus concentration in the roots.
In considering only the elements studied and as an average for 
all of the treatments, potassium was the most abundant element found 
in the plant tops of sweet potatoes, followed in descending order by 
calcium, magnesium, phosphorus and manganese. In the fleshy roots, 
potassium was also the highest followed by phosphorus, magnesium, cal­
cium and manganese. The plant tops accumulated more calcium than mag­
nesium or phosphorus, but the fleshy roots contained more phosphorus 
or magnesium than calcium. The concentration levels of the elements 
determined in the tops and fleshy roots from the greenhouse experiment 
compare favorably and follow the same range and order of concentration 
values as those found in the field experiment.
SUMMARY
Field Experiment
Field experiments were conducted on a Providence silt loam soil 
in order to study the effects of different calcium salts applications 
on the yield, percent dry matter, firmness of the canned roots, the con­
centration of calcium, manganese, magnesium, potassium, and phosphorus 
in the leaves and fleshy roots of sweet potatoes, and on the soil reac­
tion, the extractable soil calcium, manganese, magnesium and potassium.
1. A preliminary sampling of the gypsum-treated plots showed 
that the calcium concentration increased linearly with age of the leaf. 
Magnesium followed the same pattern, and potassium was inconsistent.
2. Yield, percent dry matter, and firmness of the canned roots 
showed seasonal variations but were not influenced significantly by the 
calcium treatments.
3. The calcium concentration in Leaf Number T-10, T-17, or in
the fleshy roots was not affected materially by the calcium levels but
tended to be slightly higher in Leaf Number T-10 from the calcium car­
bonate treatments.
4. The calcium treatments had a more pronounced effect on the
manganese concentration of the plant than on that of calcium. The cal­
cium chloride treatments consistently increased the manganese uptake by 
the plants possibly as an effect of the chloride ion on the soil mangan­




5. The magnesium concentration in the leaves or fleshy roots 
was not influenced by the calcium treatments.
6. The accumulation of potassium in the leaves was not affected 
by calcium applications. The highest rate of calcium chloride appeared 
to increase the potassium concentration in the fleshy roots consistently.
7. The phosphorus accumulation in the leaves was fairly uniform 
and apparently independent of calcium application. Calcium carbonate 
tended to increase phosphorus in the fleshy roots. The different phos­
phorus sources used in this experiment did not differ in their influence 
on phosphorus uptake by the plant.
8. Increasing calcium carbonate rates increased the soil pH 
linearly, while the remainder of the treatments did not have much influ­
ence on the soil reaction. Decreasing soil acidity did not affect the 
yield of storage roots but did decrease manganese availability in the 
soil.
9. Hie less-soluble gypsum and calcium carbonate salts produced 
the greatest amounts of extractable soil calcium, while the very-soluble 
calcium chloride salt caused less extractable calcium in the soil. The 
control plots released the smallest amounts of extractable calcium.
10. Extractable soil manganese was decreased by the calcium car­
bonate treatments and somewhat enhanced by the calcium chloride applica­
tions .
11. Extractable soil magnesium tended to be higher in the plots 
that received calcium carbonate than in the ones that received calcium 
chloride.
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12. Extractable soil potassium was usually higher In the calcium 
chloride-treated plots.
13. The amounts of extractable nutrients In the soil were not 
always proportional to the amounts accumulated by the plant. Of all 
the nutrient elements studied, potassium was the one contained In the 
highest concentration In the leaves, followed In descending order by 
calcium, magnesium, phosphorus, and manganese. In the fleshy roots, 
potassium was again the highest followed by phosphorus, magnesium, 
calcium, and manganese. Calcium was the most abundant of the extracted 
soil cations, followed by potassium, magnesium, and manganese. In some 
Instances, extractable manganese was higher than extractable magnesium.
14. No competitive effects were detected among the nutrients 
studied in this experiment in terms of ac&umUlation by the plant.
15. Hie results indicate that the original amount of calcium in 
the soil was sufficient to fulfill the calcium requirements of the sweet 
potato crop grown under the conditions of this experiment.
16. Apparently the sweet potato plant is not very demanding as to 
calcium supply in the soil and does not require as large amounts of this 
element as some of the other crop plants.
17. It appears that the calcium contained in the superphosphate- 
bearing fertilizers applied at the rates recommended for sweet potatoes 
grown on Loessial Hill soils in Louisiana is probably sufficient to 
help satisfy the need for calcium in case of a calcium shortage in the 
soil.
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18. The correlations derived from this experiment showed that:
a. Total yield was positively related to the calcium con­
centration in the roots but was not associated with soil pH or with 
extractable calcium or manganese in the soil. However, it was nega­
tively related to the extractable soil magnesium and potassium.
b. Percent dry matter was negatively related to the concen­
trations of calcium, manganese, magnesium, potassium, and phosphorus in 
the fleshy roots. It was positively related to the firmness of the 
canned.roots.
c. Firmness of the canned roots was not associated with the 
soil pH or with the concentration of calcium, manganese, or magnesium 
in the roots. However, firmness appeared to have a negative relation­
ship with potassium and phosphorus, though this was not consistent for 
both seasons.
d. The calcium concentration in Leaf Number T-10 was re­
lated to total yield, to the calcium concentration in Leaf Number T-17, 
and to the calcium concentration in the roots. It was not related to 
the soil pH, but it was associated with the extractable soil calcium 
during the second year.
e. The calcium concentration in Leaf Number T-17 was not 
associated with total yield. There was a relationship between the leaf 
calcium concentration and soil pH, root calcium, and extractable soil 
calcium during the second year, but this relationship was not found 
during the first year.
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f. Root calcium had a significant relationship with root 
potassium In both seasons and showed an inconsistent relationship with 
root manganese and phosphorus. The element showed no relationship with 
root magnesium. The strongest relationship of root calcium was with 
extractable soil manganese. Root calcium was negatively related to ex­
tractable soil magnesium and potassium but not to soil pH.
g. Extractable soil calcium was closely related to soil pH 
and weakly associated with extractable soil manganese during the second 
year. Extractable soil magnesium and potassium were not associated 
with extractable soil calcium.
Greenhouse Experiment
1. The calcium acetate treatment applied to the Stough soil 
significantly increased the weight of the tops, the yield of fleshy roots, 
and the calcium accumulation in the tops and fleshy roots.
2. Plant growth was only increased at the highest rate of calcium 
application to the Providence soil for the first crop and was not affected 
during the second period. However, the weight of the fleshy roots and 
calcium uptake by the tops and roots were significantly influenced by 
calcium applications.
3. The control treatment of the Providence soil produced more 
weight of plant tops and fleshy roots than the control of the Stough soil, 
probably as a result of the higher amount of native calcium in the Provi­
dence soil.
4. The calcium content of the tops from the control treatment of 
the Stough soil was considered to be in the deficiency range, and the 
plants showed some symptoms of abnormality.
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5. Plant growth and calcium levels in the tops from all of the 
treatments were generally higher In the Providence soil than in the 
Stough soil.
6. The percent dry matter of the fleshy roots from either soil 
was not affected by calcium application.
7. The manganese concentration in the tops and fleshy roots was 
significantly decreased by the calcium treatments. The manganese con­
centration in the tops from the control treatment of the Providence 
soil was approximately ten times higher than that of the Stough soil.
8. The magnesium concentration in the tops or fleshy roots was 
not influenced by calcium application.
9. The potassium concentration in the tops was linearly decreased 
by calcium applications to the Stough soil. It appears that there was 
some depressing effect of calcium on potassium accumulation.
10. The calcium treatments did not affect the phosphorus concen­
tration in the plant tops. The phosphorus concentration in the fleshy 
roots was affected spmewhat by calcium, but the results were inconsis­
tent.
11. Soil pH was increased slightly and linearly by the calcium 
treatments. However, some adjacent treatments that had the same pH 
showed significant differences between them in plant growth and root 
production. Evidently, this difference can be attributed to calcium 
acting as a nutrient and not to a soil pH effect.
12. Extractable soil calcium increased proportionally with in­
creasing rates of calcium acetate applied to the soils, but extractable 
soil magnesium was not affected by treatment.
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13. Extractable soil manganese was reduced by Increasing rates 
of calcium application. The Providence soil produced several times 
more extractable manganese than the Stough soil.
14. Extractable soil potassium was only affected by treatment 
in the Stough soil, but the results were inconsistent.
15. The concentration levels in the tops and fleshy roots found 
for the elements studied in the greenhouse experiment compared favor­
ably and followed the same range and order of concentration as those 
found in the field experiment.
16. The correlations derived from this experiment showed that:
a. Extractable soil calcium had a consistently high rela­
tionship with the dry weight of the tops, the total calcium content 
of the tops, the total calcium content of the tops plus roots, and 
soil pH.
b. A lesser relationship was found between extractable 
soil calcium and the calcium concentration in the roots. Soil calcium 
was not closely related to the weight of the fleshy roots.
c. The calcium concentration in the tops was negatively 
associated with the potassium concentration in the tops, and to a lesser 
extent, to the magnesium, phosphorus, and manganese concentrations in 
the tops.
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